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INTRODUCTION 

1.1  BACKGROUND 

The United States Coast Guard has long beer, involved in the 

protection of the marine environment against spills of oil ana 
f 11 other injurious substances. J  ' The Water Quality Improvement Act 

C19~0) and the Federal Water Pollution Control Act Amendments of 

19~2, however, gave the Coast Guard extensive responsibilities in 

the prevention, enforcement, surveillance, response, abatement, 

amd impact assessment of oil spills.  These responsibilities fall 

under the USCC Marine Environment Protection (MEPj program.  The 

need for comprehensive oil spill statistics was soon recognized 

by the U.S. Coast Guard, which established the Pollution Incident 

Reporting System (PIRS) in December 1971.  Soon after the 1972 

legislation, and in compliance with it, the National Response 

Center (XRC) was established.  The NRC includes a Central Report- 

mg System for oil and hazardous materials. J     The accumulation 

several possil >r quantitative management techniques. 

(See, for example, Reference 2).  Some of the uses of these data 

are (a] evalution of effectiveness of proposed MEP measures , (-3) 

Cb) evaluation of effectiveness of measures previously put in 

force, and (c) nrogram and budget planning. 

Many analyses can be accomplished using oil spill data alone 

A few methods, however, require rate data, i.e., spill data 

* JThe Rivers and Harbors Act of 1S99, which prohibits the dump- 
ing of refuse in U.S. 'navigable waters, is jointly administered 
by the U.S. Army Corps of Engineers, the Department of Justice 
and the U.S. Coast Guard.  The term 'refuse' has been inter- 
preted by the courts to include oil. 

The Central Reporting System is required by the Hazardous 
Materials Transportation' Control Act of 1970. 

/1 a -. -   a v o ~ITI * n   ^ r this a Tin 11 c a 1i on . see Reference 1. :xamp. •t  this ippli ion, 
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tomaiirec to some exposure measure s-jzr. as ; 

'r oiuct icr., use, or storage. The r,a; or uses 

lation has beer, put are spill prediction or ; 

:or.parative risk studies. 

io*rQ   :   0*1 IT      T" C • Y ^ "* t 

Spill ar*- i Qr      IT!Ä*t llQQ S      V." fi "** fi loped extensive. in 

early 19~0's by Devanney and Stewart (References 5,4 and 3) in 

order to provide an assessment of offshore oil development risks 

They derived the posterior distribution of the number of spills 

that would occur for an expected future exposure, given histori- 

cal spills and exposure.  In practice, this distribution (the 

negative binomial) is very close to a Poisson distribution using 

the historical spill rate as a parameter.  Needless to mention, 

spill projection methods derive their usefulness from the 

knowledge (er es' •ates) oi anticipated change in the underlying 

exposure variable.  Thus, the impact on oil spilIs of increased 

oil imports may be estimated by these methods. 

In comparative risk studies the emphasis is on the  dif- 

ferences of spill rates, such as occur from one transport method 

to another, or from one geographic area to another.  To make the 

comparison meaningful, the same or equivalent exposure variables 

must be used in both cases.  This technique has been conspicuous 

in the tanker/pipeline controversy (Reference 6), in the U.S./ 

foreign flag tanker question (Reference ") and in offshore/ 

onshore production risk comparisons.  A recent study has shown 

(Reference S) differences in rates of occurrence of spills over 

50,000 gallons : 

Such difference: 

'rcm one part of the U.S. coastal 

c    th hey exist, may provi.. insight into different 

MEP measures, shipping practices, geography, navigational aids 

or other characteristics that vary from one coastal area to 

another.  It is the investigation of these regional spill rate 

differences that motivates the present report. 

OBJECT IV 

"he present studv deals with spill rates in the New York 

Delaware 3av .ouisiana and North lexas recions of the U.S. 

1 
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;••',   exist   in   the   s0i 11   rates 

ieter~i"e 

•   the   four 
> JJ 5    \.,' rj g ] spi. over   10,GOG 

is considered, anc 

'erer.ces . 

analvze the possib! :auses o: 

Spill rates were obtained for the four regions in Reference 

S by dividing the number of spills in the region in 1974-77, as 

contained in the Major Oil Spill Information System (MCSIS) file 

by an estimate of the total tonnage of Katerborne oil movement i: 

the same region and time period.  The MOSIS file is a composite 

of spills over 50,000 gallons extracted from the U.S. Coast Guar< 

Pollution Incident Reporting System (PIRS) and the National 

Re s"^cn se Center f XR^ 1 f ^ ] e s   Th °   o i 1 moven*en** i *~ ehe "*"e s 3 cn c \~ - • 

estimated from Army Corps of Engineers (ACOE) data (Reference 9; 

on Katerbome Commerce of the United States. 

The least square fits to the regional spill and throughput 

data, as given in Reference S, Section 5.3.1.2, are as follows: 

Greater N'ew York: 

De 1 aware Bay: 

Louisiana Coast 

North Texas Coast: 

n = 0.OfcZ" V 

n = 0.S32 - O.OcSO V 

n = 0.S1S + 0.0195 V. 

where n is the number of spills and V is the oil throughput 

volume in millions of short tons.  These estimates are affected 

not on1v by the restriction on HI sice  c;i: spills over 

s taken to defij 50,000 gallons) but also by the geographic lir 

the regions, and by the selection of type of spill (vessel, 

transfer, pipeline, onshore, etc.) and by the type of oil move- 

ment considered. 

The first step taken in this report Kill be to refine the 

definitions of the four regions.  The next, and most important, 

step will be to expand the data base of spills to encompass all 

spills over 10,000 gallons in the four regions in the calendar 

years 1974-77.  Then, the oil movement data will be analyzed and 

various exposure data develooed.  From the spill data and the ex- 

posure data, the corresponding spill rate: K: Icuiated 
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Final!' issible causal factors will be analysed ar.d t: 

(suits ascertained. 

t e a D o v 

as ro 

^ t e r s are carried :ne remainder 

Section 2 

Section 5 

Section 4 

Section 5 

Section 6 

Definition of the Four Regions 

Expansion of the Spill Data Base 

Analysis of Exposure Variable Data 

Calculation of Spill Rates 

Discussion of Results. 

In addition to the four regions, a calculation 

i was carried out for the r/.aicr Western Rivers. 

•eported in Anoendix G of this report. 

r e s u'. 

ifihüiii & 
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DEFINITION OF THE FOUR REGIONS 

•p- Ihe four regions were selectee ir. 7-.eierer.ee £ because the 

lar; e number of spills and heaw oil movement within them r, - - a v- a • 

tne Dest prospects ror statistically significant results, 

this section the four region:- are defined mere precisely, 

definitions take into account three considerations: 

In 

Th< 

b. 

The boundaries of the regions should be clear enough 

that any spill may be classified unambiguously as being 

within a region or not.  Moreover, a clear-cut boundary 

will allow one to identify these spills that are margin- 

ally in or out of the region, thus facilitating a sensi- 

tivity analysis of the regional boundaries. 

Regional boundaries should be chosen, as far as possible, 

to encompass entire waterways, as defined in the ACOE 

!\'aterborne Commerce data, which is the major source of 

oil movement data to be employed. 

Boundaries snouid co: .ne men; 

parallels to facilitate computer sort of the PIUS data 

on latitude and longitude. 

The four regions are illustrated in Figures A-l and A-2 in 

-.roendix A and are described as follows: 

Greater rk 

Latitude 40° 00' to 43° 00' 

72° 00' to 7-10 4 0' Longitude 

The latitudes are chosen to cover both the Por« lev York 

and the Hudson River to Troy, N.Y.  The longitudes are chosen to 

include most of Long Island Sound on the east and the northern 

part of the New Jersey seacoast (Sandy Hock, Perth Amboy, south 

to Manasquan) on the west. 

The greatest oil movement, about ISO million tons/year 

in this region, is in the Port of New York, which includes oil 

movement on the New Jersey side of the harbor as well.  The 
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Hudson River from Sew York to Troy is the next largest 

11 mov r:::ci; ~   c. nd spills. rhe re level o: occurs 

along the northern shore cf Long Island Sound (New Haven, Xew 

London, Bridgeport).  It is of some interest to determine spill 

rates for these sub-areas, which are indicated by the dashed 

lines in Figure A-l. 

Delaware Bay 

Latitude 38° 30' to 40° 50' 

Longitude 74 ' 10 40' to 75° 45' 

This region encompasses all of Delaware Bay and the Delaware 

River up to Frenchtown, \'J, (about IS miles north of Trenton, \"J) 

It also encompasses the ocean approaches to Delaware Bay, from 
the Cape May area of New Jersey to approximately the Maryland- 
Delaware border. 

This region comprises both the large open-water body of 

Delaware Bay and the confined waters of the Delaware River from 

Wilmington DE to Trenton NJ.  It is not possible to segregate 

the ACOE oil movement data into these two sub-regions; Delaware 

Bay traffic is aggregated with that from Philadelphia (south of 

Allegheny Avenue) and Wilmington in the ACOE tabulations. 

Louisiana Coast 

Latitude 2S° 00' to 30° 30' 

Longitude SS° 20 to 93° 40'. 

This encompasses all of the central part o: Gulf Coast, 

from just east of Mobile and Pascagoula, AL, almost to the 

Texas-Louisiana border on the west.  It includes Lake Charles and 

the Calcasieu River and Lake, but not Fort Arthur, Grange, 

Beaumont or the Sabine-N'eches Waterways.  It includes almost all 

of the drilling platforms offshore of Louisiana and Mississippi. 

To the north, it covers the Mississippi River up to and including 

3aton Rouge, LA. 

The eastern, western, and northern boundaries of this region 

were selected so as to avoid cutting waterways for which data is 

tabulated as a whole by the ACOE.  Or. the east, the Gulf 

. 
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Intracoastal watervav is tabulated fror Mobile AL to Kev Crlear.s 

to Sabine is tabulated as a whole, 

unfortunately, cuts off the ncrthe: 

but coincides with the New Orleans 

The • 

i end 

Bat. 

•:ortr.er 

of the 

co; idar 

itchafalaya River, 

Mississippi River, which carries heavy traffic and which is 

tabulated separately, as will be seen. 

X. Texas Coast 

Latitude 28° 00' to 50° 30' 

Longitude 95° 50' to 96° 00' . 

This region is adjacent to the Louisiana Coast Region 

defined above, going from approximately the Texas-Louisiana 

border to just south of the Matagordc ship channel, which is 

about 40 nautical miles southwest of Freeport, TX.  The major 

oil movements in this region take place in the Sabine-Xeches 

Waterway (Port Arthur, Sabine, Orange, Beaumont) and in the 

Galveston-Houston-Texas City area.  The western boundary selected 

for this region presents a slight problem, for it is impossible 

to select a meridian to the west of •P i:- eeport nd Houston TX 

which does not intersect the Galveston-Corpus Christi section of 

the Intracoastal Waterway.  The limited amount of traffic on 

that waterway, however, assures that any inaccuracy introduced 

is minor. 
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3.  EXPANSION OF THE SPILL DATA BASE 

rne purpose now is to estaolisft a aata case or spills over 

10,000 gallons of oil and cii products in the four geographic 

regions of interest in the period 19~4 through 19"".  Several 

sources cf spill data are available.  The primary sources employed 

are the Pollution Incident Reporting System (PIRS) file and the 

National Response Center (XRC) files.  Supporting data were also 

extracted from the Commercial Vessel Casualty File TVCF).  All 

three data sources are maintained by the U.S. Coast Guard. 

Although other data sources for spills in U.S. waters in the 

years 1974-77 are available,* they were not systematically con- 

sulted because it was believed that the PIRS and XRC files 

contained the vast majority of spills of interest.  The validity 

of that assumption will be discussed later. 

5.1  SELECTION CRITERIA 

In addition to the geographic and temporal Units stated, 

two other selection criteria were employed.  They are: 

(a)  Spills of oil or oil products.  These are to be 

classed as crude, heavy (including asphalt, creosote, 

road tar, as well as the common residual oils. r-, r3. 

and #6), and light (including gasoline, naphtha and 

Cb) 

(not the amount in the water) is referred to here.  The 

value of 10,000 gallons was expected to yield a large 

enough data base to provide statistically significant 

results. 

Among these sources one may mention (1) The Center for Short 
Lived Phenomenon, Cambridge MA, ^2) Lloyd's Weekly Casualty 
Reports, (3) The Tanker Advisory Center, New York, NY. 

-««*—"»-  ' 
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No constraints were applied tc the spill source in the data 

extraction phase.  Thus spills fro- both tranpcrtation -related 

and ncn-transportation-related sources were extracted initially, 

as were both onshore and offshore sources.  The extent to which 

spills fron various sources can be related tc different measures 

of exposure was determined after the data extraction phase. 

Neither were any constraints applied to the spill cause(s) or to 

jurisdiction (EPA vs USCG) in the extraction phase, for the same 

reason.  Thus the intent was to obtain initially a list of all 

, location and material 

that could later be related tc available exposure measures. 

spills within the designated limits of t: 

j. _ .LUTIOX INCIDENT REPORTING SYSTEM PT: 

The Federal Water Pollution Control Act (FV.'PCA) Amendment 

cf 1972 requires (Section 511 (b) (5)3 that: 

"Any person in charge of a vessel or of an onshore 
facility or an offshore facility shall, as soon as 
he has knowledge of any discharge of oil or a 
hazardous substance fror, such vessel or facility 
in violation of paragraph (3) of this subsection, 
immediately notify the appropriate agency of the 
United States Government of such discharge." 

The discharges referred to in paragraph (3) are those of 

"oil or hazardous substances into or upon the navigable waters 
f  h r* 

r* — 

United States, adjoining shorelines, c 

us cone in harmful quantiti 

President... 

as     LSL! 

In Executive Order li/is, 

uocr 

1 Q' 

,.,." «., 

n *Vi ne waters 

notified. 

The PIRS pre-dates the above statute, having been put into 

operation in the U.S. Coast Guard in December 1971.*  From that 

date it was required of Coast Guard personnel to report all spills 

that they observed or that they came to know about, the same 

requirement as was imposed in 1972 on non-Coast Guard personnel 

See page 1 of Reference 10 

, - - 
.\.v mm><-  '»MW>*i"i* 



by the above Amendment to the Fh'PCA.  Also, the Coast Guard i: 

cnargea vizn en 

discharges in U navigable water 

Ant e noment 

i, so that th< 

all ofiendins 

rinat-on en penalty action as well as the spill itself 

leorv. the "IRS covers all offending spills in the United 

States 

A facsimile of the PIRS coding sheet for a discharge is 

shewn in Figure 3-1 (The two other coding forms, one for response 

and one for penalty action, are not shown).  It should be noted 

that the water body code refers to the type of water body (one 

of   7 types allowed for inland and Great Lake spills, 11 types 

for coastal spills).  The name of the water body is not recorded 

in PIRS.  Similarly, vessel type and identification number are 

given, but the vessel name is not given.  Ten sizes of tankships 

and ten sites of barges are allowed for, plus seven other types 

of vessels. 

The PIRS classification of sources (Reference 10, pages 26- 

28) served as the basis for the spill classification used in this 

report.  As will be seen in the next section, oil movement and 

vessel trip data are available (Reference 9) for tankships and 

barges.  Hence spills involving tankers and barges were segregated 

Spills involving dockside oil facilities, such as transfer spills, 

were also extracted separately from the spill data, since they 

are directly related to waterborne oil movement.  The remaining 

spills are not directly related to oil movement and were 

classified as (1) those connected with offshore drilling, and (2) 

onshore facility spills The rplete classific: :n us' 

corresponding PIRS source code numbers from Reference 10, is 

given in Table 5-1. 

IVhen the PIRS data tape was examined for spills over 10,000 

gallons it was found to contain manv records for which the lati- 

tude and longitude, or river and mile, at whicl 1   ocz *i]i*va 

were not recorded These incidents all bear dates prior 

10 
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SJPARTVEST Or 
TKA'.^CFTATION 
V. .S. CZ AST GUARD 
CCr-«S9C   ;R|V.  12-~f) 

POLLUTION INCIDENT REPORTING SYSTEM 
(PIRS) 

'O'SCHAScr1 

IN»UT TO PiRS PRE-EC IT ',2210M 

NOTE:    1.    A • Alpne, H . N t (i.(».l.ll).  A X . AlakcAtaWWia 

FIELD                                                 CARD COLUMN DATA 

o 
o 
ae 
a 
u 
u 
a 

District 

Sequence Nur»ber 

Dste/of 1 

Transaction Code 

1-2 CK) 

3-7 (N) 

8 - 13 (N) 

14 - 16 (A) 

1 
j 

Yr. Month T Day 

j ADD/COR/DEL 

Cce Numb«' 
| 

'Time of Occurrence 

17 (N) 

21 - 23 (N) 

[1 
Day of Week    ;                    Hour of Day 

1 

1 
[Lor at ion 
1 

24 - 33 (A/N) Mill      III 
i State                                                          1 34-35 (A) i  i 

i 

1 Water Body 36 - 38 (N) 

39 - 41 (A/N) 

42 - 49 (N) 

51-52 (A) 

54-55 (N) 

56 - 59 (N) 

60 - 67 (A/N) 

69 - 74 (A/N) 

75 - 80 (N) 

i 

a: < 
X 
u 

Source 

Source Identifier 

Cause 

Operation 

Material 

Quantity 

Affected Resources 

Report Period Date 

i 
i 
i 
! 

1         i 

I     ! 

Yr. j                          Month   j 
ii1 

lüay 1 

hi 
Wini Speed direction 21-25 (N) j  Knots      i 

1                                      : 

0 
IT 

0 
Tt 

ue 

M 

Je 

Sea Kg? Swell Direction 

Current Speed/Direction 

Notifier 

Anticipated Response 

OPFAC Number 

Report Period Date 

26 - 30 (N) 

31-35 (N) 

39-41 (A/N) 

42 (N) 

44   -   53   (A/N) 

75 - 80 (N) 

|   Feet 
1                   1 1 
|  Knors      | 

1 i 
Yr. I    Month iDayl 

r>« (vicyi CS'-'ON is OII:LI TC 

FIGURE 5-1.  PIRS DATA FORM (Page I'J 
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TABLE  5-1.     SPILL  CLASSIFICATION 

/ 
^ 

SPILL SOURCE 

Vessel Spills 

Tankships 

Tank Barges 

Other Vessels 

Marine Facility* 

Offshore 

Production 

Pipelines 

Onshore 

Pipelines 

Other Transportation 

Non-Tran sport at ion 

Other 

PIRS CODE NUMBER 

010 through 019 

050 through 059 

000, 050' through 058 

506 

402 

400, 401 

200 through 399 

500 through 504, 50" and 508 

:Spills from these sources include so-called "transfer 
spills'*. 

12 
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January 1976:  95 of the 316 spills over 10,000 gallons fror: January 

1974 through January 1976 have no latitude and longitude or river 

and mile.  These records, however, have the state in which the spill 

occurred, and on that basis it vas possible to narrow down to 3 3 

the number that could have occurred in any of the regions of in- 

terest.  Of these, only 3 could be classified with any assurance 

into a region, since they were recorded as coastal spills.  The 

remaining 33 spills bore an inland water«body type code, and could 

not be definitely classified as in a region. 

Table 3-2 shows a breakdown of the 555 PIRS records for 

spills cf 10,000 gallons or -ore, from 1974 through 19"".  One 

hundred forty-seven, or about 26$, are recorded tc have occurred 

in these regions: 3~3, or 6"?;, are recorded as outside any of 

the regions; and 35, or about 6%, are possibly within the regions 

of interest.  Of these 35 possible regional spills, the preponderance 

is in Texas for some unknown reason.  The exact distribution of the 

35 spills bv state is: 

-••*-«•*•* /i 

New York 0 

New Jersey 2 

Pennsylvania 2 

Louisiana 4 

Texas       27, 

All J3 S nil Is occurred in 19 74 

5.5  NATIONAL RESPONSE CENTER (NRC) CENTRAL RE1 
DATA 

The National Response Center was established at USCG 

Headquarters and began functioning in August 1974, in accordance 

with the National Oil and Hazardous Substances Pollution Contin- 

gency Flan (Title 40 CFR, Fart 1510 7 .  Until Jan. 1, 19"" the 

£ four USCG elements : 
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Ti; A:LL .>- Z.  ANALYSIS CF PIRS SPILL RECORDS 

A.VJARY 1974 - DECEMBER 1977 

Number of PIRS records, oil spills of 10,003 
gallons or more   

Latitude and Longitude specified   

River and Mile specified   

State only specified   

Categcrired to one o£ four regions on basis of latitude 
and longitude, or river and mile 

New York Region   

Delaware Bay Region   

Louisiana Coast Region   

North Texas Region   

Probably within one of the four regions, on basis of 
state only and water body type   

Possibly within one of the four regions, on basis of 
state only and water body type   

Not in any of the four regions   

405 

55 

3 3 

5 55 

51 

19 

45 

29 

35 

5" 

5 5 5 

14 
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-r, A   ^' a ' te< 

lary 1, 19~7 or. it was required that all 

• the N'RC, if practical.  Duties cf the : 

include receiving, evaluating and disseminating reports of spill: 

and maintenance of case files en medium ccastal and major inland 

pollution incidents.  Thus a scan cf the XRC files can he expect; 

to yield spills cf 10,000 gallons or more, based on the defini- 

tions of medium and major discharges.  (See Reference 17, 1513.5 

(i)).  While reporting to the XRC did not become a requirement 

until January 1, 1977, it nevertheless was expected, from the 

nature and history of the XRC, that most spills over 10,000 

gallons from August 1974 onward would be recorded in its files. 

:ne .\KL c se rues are not coded ar.c must oe scanned 

_iy.  mis was dene for ail cases within the four regions 

from August 1974 through December 19"".  The process yielded a 

total of T9 incidents of oil spills over 10,000 gallons.  The 

primary data extracted for each spill were: 

Latitude and Longitude, or River and Mile 

Locati \ry     V a ame  and  Stat< 

hater Body Name 

Source Name, Type Code, and Identification Number 

Material Code (as in PIRS) 

Quantity Spilled 

Date and Time 

Cause and Factor Code (as in PIRS). 

It was found that c 
,«•»•*•» A in the XRC files.  Often the quantity recovered was re] 

nc estimate given of the total cuantitv discharged or reaching 

:n< water.  In such cases, unless the information '3'I'M Kf» 

extracted from the PIRS file, a nominal factor of 2.0 was 

The others were (a) the pre-designated On-Scene- Coordinatcr , (b) 
the Officer- in - Charge of any Coast Guard unit in the vicinity of 
the discharge, and (c) the Commander of the Coast Guard District 
in which the spill occurs. 

15 
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applied to the 

• *\ ST* ff eo 

•ecovered to estimate the quantity ex: 

. s followed also when the quantity 

n an the total Quantity" reportcd 

the latitude and longitude or the spill, or the river mile, 

when not given in the PIRS or XRC reports, were obtained from an 

atlas, based on the described location.  Hence some are approxi- 

mate.  Similary, the source code, material cede, and cause/ 

factor code were assigned using the PIRS coding manual and the 

NRC narrative account whenever a PIRS record for the spill could 

no ce laentiriec 

3.4  COMBINED PIRS AND XRC DATA - UNRECORDED SPILLS 

The combined PIRS and XRC spills are listed in Appendix A 

This listing also includes data from the Commercial Vessel 

Casualty File, the uses of which will be discussed in the next 

section.  An analysis of the PIRS and XRC data bv source and 

vear is ^iven for each region in rabl< o - a ana me 

•ec-iens combined is dven in Table 3-".  In 

these tables there is shown the nun V\ Ä T ft T       ?1 i1 1 * in th .i. J. .*. J    lil     U . J r»e 

PIRS files, in the XRC files, and in both files, in the form 

X/Y/Z. 

The most striking feature of Table 3-" is the relatively loi 

traction o: »ported spills that a- *>^ o s Y"  n ."5 T '"t  "* ,"1  1" '^ o tn< 

XRC files.  The number of distinct spills appearing in the two 

files is X - V - Z, or 146 + 7 6 - 4 6 = 176, as obtained from the 

total shown in Table 3-".  The number of spills that appear in 

both files, however, is only 46 , giving an "overlap" of only Z6^v 

Since XRC did not commence operation until August 1974, however, 

it does not contain many spills occurring prior to that month. 

Hence, only the neriod August 1974 through December 19"" should 

>ns \ A A T" a A red in any estimate recording overlap 

is done, however, the result is still cr. 1 y 30c- , as seen in 

Table 3-3. 

•   ii_ 
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TA3LE 5-5.  PIRS AND N'RC SPILLS OVER 10,000 GALLONS, 1974 

- KEV, YORK - 

1974 1 Q- 1976 197 

Vessels 

Tankers 1/1/1 2/2/2 1/1/1 0/0/0 4/4/4 

Barges 7/1/1 2/2/2 0/1/0 3/1/1 12/5/4 

Other 2/0/0 0/0/0 1/0/0 1/0/0 4/0/0 

Marine Facilities 5/1/1 1/0/0 1/0/0 5/0/0 8/1/1 

Offshore 

Production 0/0/0 0/0/0 0/0/0 0/0/0 0/0/0 

Pipelines 0/0/0 0/0/0 0/0/0 0/0/0 0/0/c 

Onshore 

Pipelines 1/0/0 0/1/0 1/1/0 0/0/0 2/2/0 

Other Transportation 1/0/0 0/0/0 0/0/0 2/1/1 3/1/1 

Mon-Transport 5/1/1 2/0/0 6/2/1 3/2/1 14 / 5 / 3 

Other and Unknown 3/0/0 1/0/0 1/2/0 1 / 1 /' 0 6 / 5 / 0 

Total 21/4/4 3/5/4 11/7/2 15 / 5 /' 5 30j _ 1 / 1 O 

TCrrvn.  DTOC/vor/onTH 

! 



ABI •ER 10 

o- :al 

Vessels 

Tankers 

Barges 

Other 

cilities 

.r:shore 

Production 

PipelInes 

Onshore 

Pipelines 

Other Transportation 

Non-Transport 

Other 

Total 

2/1/1 1/1/1 2/2/2 0/0/0 5/4/4 

O/O/O 0/0/0 0/0/0 0/0/0 0/0/0 

0/0/0 1/0/0 0/0/0 0/0/0 1/0/0 

0/0/0   0/0/0  2/0/0   0/0/: 

0 / G / 0 

0/0/0 

0/0/0 

0/0/0 

2/0/0 

0/0/0 

4/1/1 

0/0/0  0/0/0 

0/0/0  0/0/0 

0/0/0 0/0/0 

0/0/0 0/0/0 

3/2/0 2/1/0 

0/0/0 0/0/0 

5/5/1 6/3/2 

0/0/0 

0/0/0 

i/u/ u 

2/0/0 

0 / 0 / 0 

0/0/0 

0/0/0 

0 10 / 0 

S /' 5 / 0 

1/0/0 

2/0/0   17/7/4 

LEGEND:  PIRS/XRC/BOTH. 

13 
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\.D~Z   i-5 ?:RS AND N'RC S? 

1974 

Vessel 

Tankers 1/1/1 2/2/2 

Barges 5/3/1 2/3/2 

Other 1/0/0 0/0/0 

Marine Facilities 0/0/0 0/C/O 

Offshore 

Production 1/1/0 1/1/1 

1 Pipelines 0/1/0 1/0/0 

Onshore 

Pipelines 2/0/0 2/1/1 

Other Transportation 0/0/0 0/0/0 

N'on- Transport 1/0/0 3 / 2/0 

Other 1/1/1 ft / -1 / r\ 

Total 10/7/5 11/10/ 

5 OVER 10 000 GALLON'S  is": 

[ANA COAST - 

19"3     19"6     197" 

0/1/0 

5/5/3 

2/0/0 

0/0/0 

6/2/2 

1/1/1 

1/1/0 

0/0/0 

1/2/1 
r, / A ,' n 

14/10/7 

0/1/0 

5/5/1 

1/0/0 

0/0/0 

0/0/0 

1/1/1 

1/1/0 

0/0/0 

2/1/0 

: / c / c 

12/7/2 

i o t a i 

5/3 / 5 

15/12/7 

4/0/0 

0/0/0 

S / 4 / 3 

3 / 3 / Z 

6/3/1 

0/0/0 

7/5/1 

5/2/1 

47/54/1S 

LEGEXD:  PIRS/NRC/BOTH. 
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TABLE 3-6.  PIRS AND NRC SPILLS OVER 10,000 GALLONS, 19"4 

- NORTH TEXAS COAST - 

1974 19r6 1 0' 

'essels 

Tankers 1/0/0 1/1/1 1/1/1 1/1/1 4/5/5 

Barges 3/1/1 1/1/1 2/2/2 1/1/1 6/4/4 

Other 0/0/0 '0/0/0 1/0/0 1/0/0 2/0/0 

Marine Facilities 0/0/0 0/0/0 0/1/0 1/1/1 1/2/1 

Offshore 

Production 1/0/0 0/0/0 1/0/0 0/0/0 8/3/1 

Pipelines 0/0/0 1/1/1 0/0/0 0/0/0 1/1/1 

Onshore 

Pipelines 6/2/1 0/1/0 0/0/0 1/0/0 7/5/1 

Other Transportation 0/0/0 0/0/0 0/0/0 0/0/0 0/0/0 

Non-Transport 1 •' 1 /1 2/0/0 1/0/0 1/0/0 5/1/1 

Other 0/0/0 1/0/0 0/0/0 0/0/0 1/0/0 

Total 12/4/3 6/4/3 5/3/2 6/3/5 29/14/11 

LEGEND:  PIRS/XRC/3 •Qr\~rj 
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i.-iöLe PIRS AXD NRC SPILLS OVER 10,000 GALLONS, 1 c~i 

- ALL FOUR REGIONS - 

1 Q" 1976 

Vessels 

Tankers 5/3/3 6/6/6 4/5/4 1/2/1 16/16/14 

Barges 13/5/5 5/6/5 5/6/5 9/5/3 51/21/13 

Other 3/0/0 1/0/0 4/0/0 3/0/0 11 '0/0 

Marine Facilities 3/1/1 1/0/0 5/1/0 4/1/1 11/3/2 

Ofishors 

2/1/0 1/1/1 6/2/2 0/0/0 Production 9/4/3 

Pipelines 0/1/0 2/1/1 1/1/1 1/1/1 4/4/5 

Onshore 

Pipelines 

Other Transportation 

Non-Transport 
Facility 

Other 

Total 

9/2/1 

1/0/0 

7/2/2 

2/3/1 

0/0/0 

10/4/0 

2/2/0 

0/0/0 

10/3/2 

4/1/1     2/1/0     1/2/0 

47/16/11  30/22/14  36/24/1. 

2/1/0 

2/1/1 

7/3/1 

4/1/0 

53/15/8 

16/8/2 

3/1/1 

34/14/5 

U/5/1 

.46/"6/46 

LEGEND:  PIRS/NRC/BOTH 

21 
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l ' 

ABLE   3 • c .      SPILLS   R-LC^\jjt~   Bi   Flr.b  A.MJ   NKL 

AU g . 

1975 

1976 

1977 

Dec 

Bv By By % 
PIRS N'RC Both Oi :erlap 

15 12 8 ,1 "> & 

50 22 14 571 

36 24 14 301 

35 15 s 2 0°i 

Net 

AU2. Dec 114 

Y = 

, o 44 

, 

22 
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Since on1v 50%  of the re irt a.A .115 a00 e a r 1 n 0 

:i I 

how manv soills occurred t appeared 

; £ hg ^ 

, A      f n - 

in neitner -i.e.  surprisingly, it is possiole tc esti: 

-any spills were not recorded at all.  In fact, the rae 

*Ma :\ in s s'*cn an estimate h a ^ 10**1 ^ b s en u s e d ^ n estiirat i n c c ass e 

population (Reference IS, p. 43] and demographic characteristics 

It has also been employed by the Federal Aviation Administration 

(Reference 19] to estimate the actual number of near mid-air 

collisions (N.MAC1s) from two sets of pilot reports. 

To apply this technique, it is necessary tc assume that the 

US ~ aA in the PIRS or XRC records »TO      1 • 

all spills ever 10,000 gallons ths :eer. AM 

an December 19' .S. ii.ii .s assumption wouia net fiel 

types of spills were recorded by one source more consistently 

than other types.  If, for example, vessel - related spills were 

not recorded by XRC with the same reliability as pipeline spills, 

then the estimation method would net be valid.  It was not 

possible to ascertain, from interviews with the relevant U5CG 

nn*1   u'V, P t n p " c' 1 ."• n 9 K T a < A i J  ' ^ d a 2 1 0 \ * S t    *v£ 1 ?! h& Y" Jl Q ö ^ ic-nei , Gl. 

examination of the data of Table 3' intelligible 

pattern.  One might expect that the PIRS records, which are 

entered by the USCG personnel at the District level, would con- 

tain relatively more records of vessel, offshore and other marine 

spills than the SRC  records, which are reported by all observers 

in the country.  This, however, is not reflected in the data of 

Table 3-", which show that vessel, offshore and other rari-e 

spills constitute 481 of the PIRS records arid 5-5 of the XRC 

records. 

Given the above assumption, however, one may estimate from 

Table 3-S (see Appendix B) that the number X of spills that have 

actually occurred from Aug. 1974 to December 19"" in the four 

reg ions is : 

X = X-Y/: 

= 1S9 

7 T 
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i n< ;he  tvo ; n *i 7* r r> c 

i3       -  - - -  -   -   -  - re  aoout ...:a .::     u< 

occurred. 

One  mav lildUi • f: > i ~ *r ^     ^ :ne conrxcence thai 

stiinate of X AS ai; 

overlap Z is approximately normally distributed about XV.'X with 

variance V: 

V = X (X-X) V (X-Y)/X° 

As different values of X are assumed, the distribution of 

the overlap Z  varies, according to the following table: 

Assumed 
Value of X 

Expected 
overlap Z 

Variance V 
of Overlap 

Probability of 
I <_ 44 

> 44 

13 0 

55 . 5 

5.1 

< .0001 

165 

50.9 

8.7 

190 -JO 

JD . 4 

10.7    12.6 

JJ.J 

12.3 

o: 5G 

50 cc: 

From the last line of the above table it appears unlikely that 

X is less than 165 or more than 235.  It should be reiterated thai 

this X applies only to the period August 1974 through December 

1 07 - 

ne a.-5i.; lc: tme 2.so may inquire as to tr 

independent reporting.  V.'hile no i 

PIRS or XRC to obtain data from the other system, it is possible 

that informal communication existed between them during the time 

frame of interest.  If this was so, however, the estimated total 

number of spills would be greater than 189, rather than less, 

for the data.  This, also, is demonstrated in Appendix B. 

In summary, one must conclude that at least 13*, and most 

likely 2 51 cf all oil spills over 10,000 gallons in 1974-"" went 

unrecorded in either PIRS or XRC, in the four regions studied. 

If one considers only '."essei and Other marine spills, he«ever, 
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ikelv estimate or unrecorded spills i r a t h < 

J . 3 iERCIAL VESSEL CASUALTY PILE (CVCF)* 

me Loir.TTierciai . essei casualty rile is cased or. _. s. Coast 

Guard reports made on Forms CG-2692, CG-924E, and related reports. 

It encompasses all casualties to U.S. vessels, or to foreign 

vessels in U.S. waters, provided the casualty involved one or more 

of the following: 

a.  Property damase in excess of S1500 

b, 

c, 

d 

e 

Damage affecting the seaworthiness of the vessel 

Stranding or grounding 

Loss of life 

Injury producing at least "2 hours incapacity. 

Oil leakage or spillage alone does not require the filing 

of a casualty report, unless the value of the oil or its damage 

exceeds $1300.  Moreover, the amount of oil spilled is not 

the computerized file onlv .ncluded in CG-2692 and is recorded 

as 0 = s ignificant :a, liehi ] ut n on 

moderate oil pollution, 5 = heavy oil pollution.  The narrative 

reports and Form CG-2692 give more specific data than the 

computerized file.  It was found that the computer file was 

adequate only for a coarse screening, because it records the 

date only to the month, and location only to the nearest Maritime 

Position number,*- and the quantity of oil only approximately, 

as 0,1,2, or 5.  Therefore it was necessary, in many cases, to 

:he actual casualty file .etermine wnetner an 

:?.? d i s r i net f rc 

examine 

incident listed in the CVCF printout 

incident recorded in PIRS or N'RC, and if SO, how much oil was 

spilled. Even when this was done there remained some 25 cases 

Referred to as the Merchant Vessel Casualty 
Reference 15. 

.e (MVCF) la 

A* 
These "Bowditch numbers'"  are. a set of 5- digit numbers assigned 
to recognizable coastal points, usually from 2 to 2 0 miles 
apart.  See H.O. Publication No. 9, American Practical Naviga- 
tor , N. Bowditch, any recent edition. 

——liii*mi W 11 ir 
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i.e., no PIRS or NRC 

"VCF was the only infernal 

md with only the 0,1,2,3 
- —. - T - C *• C  "**   ^ f the amount of  oil skilled.  This ind; 

fore, v;as examined in scr.e detail 

.cirrparison w X      w i. CVCF roilution indii :or (0,1,2,3; with 

quantity spilled as recorded in PIRS and in the CVCF Investigating 

Officer's Report yielded the following breakdown: 

= i 

light  pollution} 

CVCF   INDICATOR 

^.iuuerats   poxxuuxon llution] 

— 0 ,000 P 

15 ,000 P 

100 V 

000 V 

000 V 

:oo V 
200 V 

1 ,500 V 

126 V 

15 V 

S4 V 
n V 

0 V 

60 ,000 p 

200 V 

60 V 

0 V 

0 V 

420 V 

11,000 ? 

32,000 P 

21,000 P 

90,000 P 

277,000 P 

4 20,000 P 

5,000 V 
1,474 V 

• 500 V 

1,000 V 
S4.000 P 

103,000 ? 

25,000 P 

S40,000 P 

S4,000 P 

16,800 P 

105,000 P 

52,000 ? 

102,000 P 

65,000 P 

210,000 P 

5 " S , 0 0 0 P 

900 V 

P = amount spilled, in gallons, recorded in PIRS file 

amount spilled, in gallons, shown in CVCF Investigating 
Officer's Report. 
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.his breakdov.-n it apoears that the amount recorded in 

:ne \ fStisati '5 .:er s Reoo: is usua 11 v less tnar. t ."• e 

amounts recorded in FIRS, fcr spills bearing the pollution indi- 

cator 1 or 2.  Further, the YCF pollution indicator is not always 

consistent with itself.  A spill described in the YCF case report 
±-23~5 as being approximately 1500 gallons bears an indicator of 

1, flight pollution) while one described as approximately 900 

gallons in case £51795 bears an indicator of 3, (heavy pollution), 

It should also be noted that many YCF reports did not attempt to 

estimate amount of pollution, referring the reader to the report 

of the OCMI or COTP cognizant of the spill. 

Siren the above uncertainties in quantity spilled, as 

indicated by the CYCF, the following compromise with accuracy 

was made:  Spills fcr which the CYCF pollution indicator was the 

only information on quantity spilled were considered to be 10,000 

gallons or more if the indicator was 2 or 5.  This procedure, 

plus the Investigating Officer's estimates, yielded a total of 

9 spills over and above the 144 recorded in PIRS or \'RC for 

1974-77:  two in the New York region, one in Delaware Bav. five 

in Louisiana and one in North Texas. 
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4,  EXPOSURE VARIABLE DATA 

The numbers of spills in the four regions cannot be ^vmy* 

meaningfully unless they are normalized to some r.easure cf spill 

threat exposure in each region.  A useful exposure variable must 

be related to the type of spill that it is intended to explain. 

For example, transfer spills might be related to the amount of 

oil loaded or unloaded; collisions and groundings might be related 

to the total vessel miles in a waterway or harbor; onshore spills 

might be related to the total oil entering and leaving a region. 

For each of the classes of spills shown in Table 3-1. candidate 

exposure variables were selected from the oil and vessel movement 

data available in the ACOE "Katerborne Commerce of the United 

States."  (Reference 9) This publication is the most comprehensive 

data source available on U.S. oil movement.  The selections 

possible are shown in Tables 4-1 and 4-2.  A check mark indicates 

that the spill source on the left is possibly related to the oil 

or vessel movement type shown at   the top.  Table 4-1 shows pos- 

sible oil movement types and Table 4-2 shows possible vessel 

movement types. 

4.1  OIL MOVEMENT AS AN EXPOSURE VARIABLE 

It is seen in Table 4-1 that tanker spills might > a      T o  a f o t 

to  ail   tvr>es  of  oil  mo 'xcept local, 

all tvres of movement except foreign.  When the various tvres cf 

oil movement are broken down by vessel type, however, one finds 

the data of Table 4-3.  The tonnage movement breakdown suggests 

that one may attempt to relate tanker spills tc foreign and coas' 

tal movement, and to relate barge spills to internal and local 

movement.  Alternately, one may attempt to relate all vessel 

spills to the total oil movement.  The vessel trin breakdown, 

however, shows that most trips are made by tank barges, parti- 

cularly in the Gulf coast ports.  These possibilities will be 

explored, further in the next section.  It suffices to note at 

this point that it may be useful to segregate the oil movement 
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TABLE 4-1.  SPILL SOURCES AXD OIL MOVEMENT TYPES 

bpi^I Source 

Vessels 

Tankers 

Barges 

Other 

Oil Move-err Type 

oreisn   Ccasial   Internal 

• / 

/ 

/ 

/ 

/ 

Production 

Pioeline 

Onshore 

Pipelines 

Other Transport 

Non - Transport 

Other 

• 

V 

• 

• 

/ 
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SPILL SOURCES AND VESSEL MOVEMENT TYPES 

S£ll_I 50UT 

Vessels 

Tankers 

Barges 

Other 

Se: 

Tankers 

/ 

VESSEL TRIPS BY 

Propelled       Son-Self Propelie: 

(rv Cargo Others Tankers Dry Cars< 

Orfsnore 

Production 

Pipeline 

Onshore 

Pipelines 

Other Transpor' 

Non-Transport 

Other 

• 

/ 

v' 
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•"• *. C T C   < ANALYSIS 0? U.S. OIL MOVEMENT BY VESSEL TYPE 

•rMPVTCn 

ankers 

Foreign 

Coastal 

Internal 

Local 

Atlantic Ports 

Pacific Ports 

Gulf Ports 

Combined Ports 

PERC] 

IOC 

89 

2 

14 

N ! 5 i 

Tanker s 

59 

27 

1 0 

ranK marges 

0 

11 

98 

86 

Tank Barges 

61 

7-; 

i.lj Rer ersnce Tables I-A and 11-A. 

;'2; Reference 20, Appendix E. 
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t K 0 g ' : a. in croup 

I .:. -  <J . : ( 

. c i 1 i IU i. c »-> - i 5 f r orr p ~. ^'", ~ ~ ** sc t iv i t 

anv cr.e tyre cf cil movement.  Onshore pipeline spills, ir. oarti- 

cu 1 aT mav not involve oil t nat ap*"*ea^"** j *~ w3. t - r bc **ne c i  sr c Ye ~~e*~i 

data at ail.  Onshore storage tank leaks, a common source cf en- 

shore spills, may involve only cil that has had land transport in 

its history, and that would involve only land transport in its 

future.  Clearly, distinguishing such onshore spills fro- these 

wateroerne oil is not practical, sin^e it requires investiga- 

lied oil.  The the transport history or the s 

.1 ressibilitv apoears to be tc 

LlV 

I G * a 

-V, ^ rne move: 

ran ^ r A l «in 

to the total amount of oil that is loaded or unloaded en vessels 

in the region of interest.  This is measured by the total cf _ 

foreign, coastal, internal and local tonnages excluding the 

" t h r o u c h " c o m o c n e n t c £  such m c v e m e n t s   T h s " t h r cu ~h" c. o v e m e n t i i 

a waterway is the tonnage that enters and leaves the waterwav 

; 11 h o u t be: .oaded or unloaded w: ,u;ii*uci; , 

ACOE data list through tonnages separately within the foreign, 

coastal, and internal categories.  [Local movements do not encom- 

pass any through traffic).  Subtracting the through tonnages from 

the tctai movement should yield an expesu 

related to transfer spills. 

v 

4.1  VESSEL TRIPS AS AX EXPOSURE VARIABLE 

As noted above, the ACOE oil tonnage da 

barge from tanker movements for each cf the 

interest.* However, the data do show tanker 

by port or waterway, but not for separate co 

assumes that ail tankers carry oil, then the 

as a measure cf tanker and tank barge activi 

way.  However, not all tankers carry oil, an 

ACOE volumes does give barze 

ta co nc - o istmgua 
f o u r regie n s of 

and tank barge tri 

mm o d i ties . If one 

trip data mav "^ ^ u 

t v b v port or water 

d an e s t i m a te is 

r"a: o or the »IT nn"a -o c ; Q ~r-, 0 C '. 

for the country as a whole 
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neeaec er what fraction do so. 

region to resion.  A check cf the 

.ries rror. 

> - »n r\ n r 

gallons involving tankers cr tank barges fro-1. 19"3 through 19 

1O._IJ.CI SuxllS 0 Y 

s fro- 19"3 

shows that 5-i cf tanker spills and 18? of tank barge spills were 

liquids other than petroleum cr its derivatives.*  (These percent 

ages are unchanged when spills on the Mississippi-Ohio-Illinois 

River systems are excluded frcm the count).  Hence it appears 

that 95% cf tankship trips are connected with petroleum movement, 

while about SOI of tank barge trips are so connected.  It is not 

possible to determine, from published data, how this percentage 

varies from region to region.  It is aooarent then that vessel 

: r l p s : 2 n re asonablv serve as an e xposure van si rcr .<er 

spills but some unknown less in accuracv occur fpliei 

oarge movements. 

4.5  TABULATIONS 

Anriendix C eives oil movement tonnages for the four regions 

of interest, extracted from the ACOE volumes. 

the data are broken down by year, by type cf oi 

crude), and by waterway.  Through movements are 

vi «hi n :n regie; 

-aTct? 1 V 

Appendix D gives vessel trips for the four regions of 

interest, also extracted from the ACOE volumes.  Within each 

re1 are broken down -, T,. ve: by :e cr ssei 

(tanker, barge, all vessel types), and by waterway. 

rhe totals tor the four regions are given i 

and 4-6.  The striking feature of Tables 4-4 and --6 is the strong 

rise in tonnage in the Louisiana and North Texas regions from 

1974-77.  Total tonnage increased by about 57$ in these four 

years.  Tanker trips, however, increased by only 56^' and barge 

trips were virtually unchanged.  Most of the tonnage increase 

can be traced to crude oil imports into Baten Teuge, Lake Charles, 

Port Arthur, Houston/Texas City, and Freeport.  .'See Appendix C) 

'The percentage for tank barges excludes intentional dumping o: 
cnemicals unaer permt 
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CIL MOVEMENT FCR FOUR COASTAL REGIONS, EY YEAR • 

(MILLIONS OF SHORT TONS) 

NEK YORK REGION 

Port of New York 

Long Island Sound 

Hudson River 

Total NY Region 

DELAWARE BAY, Total 

LOUISIANA COAST, Tota: 

NORTH TEXAS, Total 

1974 1975 1976 1977 Total 

138.8 129.4- 157.5 145.9 551. 7 

26.6 26.5 28.0 24.7 105.7 

18.6 17. 7 18.0 17.6 71.9 

184.0   L73. 1S3.5   1SS Q " 

105.5 96.S 106.1 105.0 413.4 

195.S 222.9 263.2 530.1 1012.0 

161.8   156.7   189.4   228.7    736.6 

{!)   Extracted fror. Appendix C 
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TABLE l-~z.     OIL MOVEMENT FOR POUR COASTAL REGIONS, BY CARRIAGE UJ 

(MILLION'S OF SHORT TONS) 

Receipts 5 Shipments 

NEK YORK REGION 

Port of New York 

Long Island Sound 

Hudson River 

Total, NY Region 

DELAWARE BAY REGION 

Total 

Ocean- 
going 

366.0 

100.8 

19.4 

486.2 

287.9 

Inter- 
nal 

24 0. 

95.4 

Through 

Ocean  Inter 
-going  -nal 

rot&i 

185.7 C 0 0.0 551.7 

4.9 o 0 0.0 103." 

49.7 o 1 2.6 71.9 

0.1 

26.8 

2.6 :s. o 

3.4  413.4 

[ i 

LOUISIANA COAST REGION 

Total 

NORTH TEXAS REGION 

Total 

272.0 

404.6 

276.6 

171.6 

193.0   265.4  1012.0 

28.6   160.4  "36.6 

(1) Extracted from Appendix C. 

1 ML. 

00 



F 1-1 • — — 

TABLE 4-6.  VESSEL TRIPS FOR FOUR COASTAL REGION'S, 1974-77 - ! 1 

(THOUSANDS OF VESSEL TRIPS) 

1974    1975     1976 

NEK YORK REGION 

Port of New York 

Tankers 

Barges 

All Vessels 

Lens Island Sound 

Tankers 5 1 i 4 -1 7 

Barges / 7 - S 6 5 

All Vessels 127 4 115 . 3 114 .2 

Hudson River 

Tankers 4» 3 1 9 1 8 

Barges s 5 - 4 -i 1 

All Vessels 110 9 95 0 78 9 

Total, NY Region 

Tankers 81 6 70 1 66 0 

3arges 109 S 100 s 9S 5 

19' 

63.8 60.0 51.8 

93.6 85.7 S4.5 78.5 

93.5 675.9 616.0 518.2 

All Vessels 1051 SS4.1 S09.2 

3.7 

6.0 

105.4 

1.5 

7.1 

62.5 

57.0 

91.6 

6S5.9 

iota. 

249.S 

342.1 

:6C3.6 

17.4 

2S.0 

462.3 

L ,  4 . I 

100 ~ 

j41U.S 

fl) Extracted fror: Appendix D, 
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SIE   4-6.      VESSEL   TRIPS   FOR   POUR 
ED^ 

iOASTAL 
CCOXTI 

(THOUSANDS   OF  VESSEL   TRIPS) 

1  Q- 

DELAWARE BAY REGION 

Tankers 5.1 

Barges 16. 5 

All Vessels        118. S 

LOUISIANA COAST REGION 

197 

4.5 

13.5 

119.6 

4.5 

14.5 

94.9 

  

\"S, 19" 4-" 

19"-    Total 

4.1      18.2 

12.5   • 56.8 

87.2 420.5 

I 

Tankers 7 5 S 4 S 9 9 7 34 5 

Barges 171 5 1S2 6 177 185 1 714 6 

All Vessels 56 5 0 799 9 838 s 896 6 5100 5 

NORTH TEXAS RE GION 

Tankers 8 5 7 9 S 8 8 9 35 9 

Barges 110 5 102 3 103 n 106 5 42S 5 

All Vessels 275 - 253 6 291 6 1 o 2 1118 1 

37 

•• -*! 



mmm •^— 

5.  SPILL RATES 

The spill data and exposure data developed in the preceding 

sections will be combined here to yield spill rate estimates :or 
^ fm r r p> o .ne tour regions.  First, a set of estimates will be developed 

using tonnage of oil movement as the exposure variable, and then a 

set will be developed using vessel trips as the exposure variable. 

In both cases the spill rate estimates will be for spills o£ oil 

and oil products of 10,000 gallons or more in the four regions and 

in 1974-1977, derived by the method selected in Aroendix E. 

3.1  SPILLS PER MILLION TON'S 

The gross spill rates for the four regions, counting all spill 

sources and oil movements, are shown in Table 5-1.  It appears that 

all regions have spill rates in the range of .04 to .07 spills per 

million tons except the Hudson River subsection of the New York 

region.  The statistical significance of the observed spill rate 

in the Hudson River area can be tested by the method described in 

Appendix F.  The normal approximation described there indicates 

that the odds against the Hudson River having the same spill rate 

as the remainder of the four regions are about 10,000,000,000 to 1, 

based on the d3ta of Table 5-1. 

It is clear then, that either the spill rate in the Hudson 

River is significantly different from tha' m the remainder o: 

the regions, or that the Hudson River data (either spills or oil 

movement) are in error.  This question will be treated in Section 

5.5.  First, it is appropriate to exclude the Hudson River data 

and to inquire whether any of the other regions or subregions show 

significant deviations from the remainder. 

Table 5-2 summarizes the results of significance testing en 

the data for the four regions, excluding the Hudson River.  The 

normal approximation and test procedure outlined in Appendix F 

v.ere used once again.  It is clear from the last column of Table 

5-2 that none of the separate observations is very unlikely, given 

33 
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HOLE a-I. 3VERALL S 
'7T T TAV  T 11L L1 C.N • 

All 
Oilm 

Spills^ 
1974-77 

XEV; YORK 

Pert cf XY 38 

LI Sound 6 

Hudson River 19 

DELAWARE BAY 22 

LOUISIANA COAST 68 

XORTH TEXAS 34 

PILL RATES, 1974-77 
oss: 

Katerborne Spills per 
Oil 

Movement K~J 
Million 

Tons 
1974-77 Movement 

18' 

551.7 .069 

105.7 .05" 

71.9 . 264 

413.4 .055 

1012.0 .067 

736.6 .046 

2 RQ]  " .06 5 

\ 

^ •'includes spills from all sources, as recorded in XRC, PIRS or 
VCF.  See Appendix A. 

v 'Millions of tons.  See Table 4-4 or 4-5. 
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I 

the  total   of  16"   stills 
O ^   Q "»* fi re e:'j 

In a s s! 

he on 

ana the hypotnesii 
1v ocssible sxce"' 

to: ctuallv observed 

that all regional spill 

or is v>"crth Texas, whie' 
fflh«T    of    SDlll* 

ins  the  significance  of  the N'orth Tex spill rat e , 

it should be reoalled that an inordinate number of spills cf un- 

known location (i.e., no latitude and longitude or river and mile] 

were located in Texas in 1974-77.  As pointed out in Section 5.2, 

there were a total of 27 spills of 10,000 gallons or more in the 

PIRS file for which the location is given only as in the state of 

Texas.  Although all 2~!   spills are classified by PIRS as inland, it 
T^oyr»   nrrü^TPfi    i ji   the   \" 0 r t h is possible that a large fraction of tccurr« 

. exa; re. .on  a< 'fined   in  this  report,   i.e.,   be 1 r\ w 30°30' latitude 

ind east at 96= 00 ' .  The oreoonderance of Texas ref: 
:ed in this area.  If or.lv one thir: •11 into that region, :or 

example, then the observed number of spills would be 43 instead of 

54, and the probability would be .97 instead of 0.08.  In fact it 

is necessary for only 5 of the 27 to fall within the region to 

make the probability of observation reach .50. 

In contrast to the situation in the N'orth Texas region, the 

other three regions have relatively few possible additions to their 

spill totals from the list of PIRS spills with only a state loca- 

tion.  Louisiana shows 4 such spills, and Pennsylvania and New 

Jersey only 2 each.  These spills cannot significantly alter the 

observed soill numbers in the Louisiana, Delaware Bay, or New York 

regions 

It is to be concluded, then, that no great sign: mce :an bi 

attached to the .OS orobabilitv calculated for the observed 

Texas spills. The outcome cf significance testing on the gross 

spill rates for the four regions, then, is that only the Hudson 

River subregion shows a significant variation from the other regions 

5.2  VESSEL-RELATED SPILLS PER MILLION TONS 

Since total waterborne oil movement should influence vess< 1 . 

related spills more directly than all spills within a region, the 
regional vessel - related spill rates were calculated.  These are 
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shown in T a h 1 e 5-5, The first column shows spills fror, tankers, 
havi ar.c -arme  facilities   sue.-, as   loadmi and unloadinj areas. 

Offshore production and oioelir.es as well as 1 i onshore spills are 

excluded {see Table 3-1). The second column shows total waterfaorne 

oil movement in millions of tens, as given in Table 5-1. The third 

ii»nrn shows soills Der million tons. coiur 

It is apparent once again that the Hudson River spill rate far 

exceeds those in the remainder of the region.  The high overall 

spill rate, .264 spills/million tons, exhibited for the Hudson 

River in Table 5-1 is almost equalled by the vessel-related spill 

rate, .195 spills/million tons, for the Hudson River shown in 

Table 5-2.  Therefore, pending its subsequent examination, the 

Hudson River will be excluded frcn the vessel-related spill data 

and the rates examined for the remainder. 

Table 5-4 shows the results of significance tests on the vessel 

related spill rates of all four regions, excluding the Hudson 

River.  It is in the same format as Table 5-2, for all spill rates. 

It is seen in Table 5-4, that in all regions, other than the 

Hudson River, the observed number of spills is not a rare event on 

the hypothesis that all regions have the same spill rate.  Even the 

addition of say, 25% of the 27 non-specifically located spills in 

the state of Texas, to the North Texas Coast observation, would 

actuallv increase the probability of the observation from 0.3S to 

:ver 0.9 0 :e it i: not oossible to reiect the hvpothesis of a 

single spill rate for vessel-related spills any mere than for ail 

spills, when the Hudson River is excluded. 

5.3  VESSEL-RELATED SPILLS PER VESSEL TRIP 

A third possibility that should be explored is that of a dif- 

ference of spill rates employing vessel trips as the exposure 

variable.  The most promising exposure variable is obviously trips 

by tankers and barges, since a very large fraction of them carry 

oil exclusively.  These trips may be construed as the variable 

underlying the vessel-related oil spills.  Table 5-5 shows the 
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mmamnmm mm —       - 

Vessel- 
Related 

Spillsd)     M 

Katerborne 
Oil 

oveaent C2] 

Spills ser 
Million Ton- 

Movement 

AC'» »OIVK 

LI Sound 

Hudson River 

DELAWARE BAY 

LOUISIANA COAST 

NORTH TEXAS 

1 1 551. . ,02 b 

3 105.7 . 02 S 

14 "1.9 .193 

9 413.4 .022 

32 1012.0 .032 

16 "36.6 

2891.3 

.022 

S S .030 

:ee Acpendix A. 
(">", 
•"•'Millions   cf  short   tons. 
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fC!\     l Kl 

NEU' YORK 

Fort of N'Y 

LI Sound 

Hudson River 

DELAWARE BAY 

LOUISIANA COAS" 

NORTH TEXAS 

\ e s s e I - 
Related 
Spills 

14 

14 

o 

32 

16 

88 

Tanker 
and Barge 

Tr T r\ c 

591,825 

4 5 ,353 

3S,369 

75,035 

-jo i 4 -* 

462,595 

1,962,117 

Yes sei -Relat i 
Spills per 
Thousand 

0.0236 

0.0661 

0.3649 

0.12 00 

0.042" 

0.0346 

0.0448 

rates for the four regions.  The barge and tanker trip data are 

taken from Appendix D, while the vessel - related spills are the same 

as in Table 5-3. 

Once again the spill rate for the Hudson River stands out well 

above ail other regions or sub-regions.  A significance test using 

the method of Appendix F shows the probability of observing 14 

spills in the Hudson River, given a total of 86 spills and th* 

indicated tanker and barge trips, is less than 1 in 10  .  There- 

fore the Hudson River data will be reserved for later examination, 

and tests performed on the remaining data.  The results are shewn 

in Table 5-6. 

From Table 5-6, it is seen that Delaware Bay shows a sig- 

nificantly higher number of vessel-related spills per tanker and 

barge trip than do the other regions.  The data show a total of 9 

such spills, while only 2.9 are expected on the basis of the 

region's vessel trips. 
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Since Delaware Bay does net show a high spill rate when to' 

cil tonnage is er.olcved as the exposure variable, one is led to 

explore :he H-Sl ;er Har; e or tanker trip :or ;ne rou: 

regions.  This comparison is made in Table 5-".  The figures vary 

fror, a lew o£ 932 tons per trip for the Pert of New York subregic: 

to a high of 5512 tons per trip for Delaware Bay.  (It will be 

noticed that the ratio for the Hudson River subregion is not sub- 

stantially different from the average.)  Delaware Bay, however, 

shows almost 4 times the average tons per trip, while none of the 

other regions or subregions deviates by more than S0%   from the 

average. 

1A C1» E 3 " 
1Q?i-?7 

;IL TONNAGE PER TANKER OR BARGE TRIP IN FOUR REGION'S, 

Region or 
Subregion 

NEK YORK 

Port of NY 

LI Sound 

Hudson River 

DELAWARE BAY 

LOUISIANA COAST 

X. TEXAS COAST 

Oil 
Movement 
Tons/106 

Tanker and 
Barge 

Trips/10-^ 

5 51 591.3 

105 / 45.4 

71 o 58.4 

413 4 75.0 

1012 0 "49.1 

"56 6 462.4 

Tons per 
TriD 

2328.2 

1872.4 

5512.0 

1330.9 

1593.0 

:S91.3 1,962.1 i   i . o, 

i 

It was estimated in Section 3 that about 80$ of barge cargoes 

were oil, averaged over the U.S.  Thus if, in a certain region, 

100$ of barge cargoes were oil, then its tons/barge trip figure 

would increase from the average by 23$.  Similarly, if only 40$ 

of barge cargoes were oil in a certain region, then its tons/barge 

trip figure would drop by 50$.  The corresponding possible range 

of variation for tankers, which carry oil on 95$ of their laden 

trips, on the average, is +5$ and -5! 
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Variation from the average seer, in Delaware Say car.nct be due to 

the mix o£ oil vs. other liquid cargoes, but can only be due to a 

substantially larger average tanker and barge cargo in Delaware 

Bay, or to a heavier percentage of tanker trips vs. barge trips in 

Neither supposition is borne out by an analysis of Delaware Bax- 

trips and drafts in Delaware Bay, compared to other port regions.* 

It seems likely, then, that there are substantial inaccuracies in 

the barge and tanker trips data employed for Delaware Bay. 

Another possibly significant deviation from the mean spill 

rate is observed in Table 5-6 under the Port of New York subregion. 

The observation probability here is seen to be .03, employing the 

test method of Appendix F with normal approximation.  This devia- 

tion is significant, by a small margin, if a 95"c significance level 

is employed, as has been done in previous tests.  V.'hen so close a 

margin of significance is involved it is advisable to employ an 

additional test for corroboration.  This may be done by hypothesiz- 

ing a uniform spill rate of .0385 spills per thousand trips, 

obtained from the total number of vessel-relates spills (74] and 

total number of barge and tanker trips (1,933, "00) shown in Table 
;-« Thereupon, the expected number of vessel-related spills in 

the Port of New York is 22.8, based on the 591,800 tanker and barge 

trips for the sub-region shown in Table 3-6.  The actually observed 

number of spills, however, is only 14, or about S spills less than 

Assuming a Poisson distribution for the number of spills 

;ion leads to the conclusion that the probability is 

~*»A expected 

in the subr 

about .0" that an observation would differ from the expected 22.S 

by as much as 9 spills, i.e., be as low as 14 or as high as 32. 

This approach, then, does not corroborate the results of the pre- 

vious one, since it leads to only 95% level of significance instead 

of a 971 level.  The deviation of spill rate in the Port of New 

York subregion, shown in Tables 5-5 and 5-6, then, can be con- 

sidered of only marginal significance. 

'The average self-propelled tanker draft in i?"5 was about 2' 
feet in the Delaware'River, 24.4 feet in New York Lower Entrance 
Channels, and 2S.5 feet 
Orleans and the Passes. 

vi «sissiooi River between New 
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5.4 OTHER SPILL RATES 

Several possible spill rate calculations have beer, omitted 

because they offer less promise of insight into the spill process 

than the three treated above. 

•One spill rate calculation not performed is that of tanker 

spills (or barge spills) per tanker trip (or per barge trip]. 

This has been omitted because the tanker-barge indicator in PIRS 

has been found to be unreliable, both in this and other studies 

(Reference 23).  Considering the relatively small number of tanker 

and barge spills in the data in any one region, a rate calculation 

for tankers or for barges is subject to substantial errors if the 

barge/tanker breakout is not accurate.  Any result would be sus- 

pect, and therefore no such calculations were made. 

Another possible spill rate calculation is that of vessel- 

related spills per vessel trip, rather than per tanker and barge 

trip.  This calculation was not made because trips of all vessels 

vary substantially from port to port and do not bear a fixed 

relation to tanker and barge trips.  Expanding the vessel trips 

to include other than tankers would add many vessel trips (particu- 

larly ferries, and chemical or dry-cargo vessels,'that bear no 

relation to oil spills.  For this reason neither gross spills per 

vessel trip nor vessel-related spills per vessel trip were 

calculated. 

Among other possible spill rates not here investigated are: 

crude oil spills per ton of crude movement 

heavy oil spills per ton of heavy oil movement 

light oil spills per ton of light oil movement 

spills per ton for individual years. 

3.5 ANALYSIS OF SPILL RATES 

he previous subsections show that the The  calculations of 

spill rates in the four selected regions have no significant 

deviations from their expected values with one raicr exception, 
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the Hudson River subregion.  A minor exception also occurs in 1 

vessel-related spills per tanker and barge trip in Delaware 

Bay. 

The extraordinarily high spill rates calculated for the 

Hudson River in 1974-77 appear in three cases: 

o  gross spills per million ton of oil movement 

o  vessel-related spills per million tons of oil movement 

o  vessel-related spills per thousand barge and tanker 

trips. 

Before concluding that the Hudson River subregion does, ii 

have a higher than normal number of spills, two other explanat: 

must be explored: 

a. Under-reporting of the exposure. 

b. Over-reporting of the spills. 

5.3.1  Under-reporting of Exposure 

The two exposure variables involved are gross oil movement 

tonnage and tanker plus barge trips.  The ACOE reporting of trips 

and of tons for domestic movements is done through the same 

mechanism, i.e., a single form.  If both the trips and total ton- 

nage were under-reported then this under-reporting probably occurred 

at the source, rather than in the compilation of statistics, 

because the spill rates derived from both variables are hish.  This 

possibility cannot be excluded because no alternate information 

source exists that may be used to verify the ACOE data. 

A plot of Hudson River oil tonnage as reported by the ACOE 

by year is shown in Figure 5-1.  If these data are under-reported, 

then the omissions must be consistent for each of the four years, 

particularly in the case of foreign and coastal light and internal 

heavy, which show little variation from year to year.  Also, the 

crude movements are probably accurate because of the lack of 

refineries of any sice in the Hudson vallev, short, if the 

spill rate anomalies for the Hudson River are due to under-reporting 
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of oil movement, then there would have 'st emat ic 

under-re: t in: data origination point over tne years 1! 

"~.     Although it cannot be excluded such a sys' 

considered unlikely. 

error is 

X 

5.5.2  Over-reporting of Spills 

Over-reporting of spills could occur if fewer spills in the 

Hudson River subregion went unreported than in the other regions 

or subregions.  The following tabulation (Table 5-8) shows the 

estimated unreported spill percentages, based on FIRS and N'RC 

reports fron August 1974 through December 1977.  The Hudson River 

does, indeed, have a low percent of unrecorded spills.  In obtain- 

ing these percentages, the PIRS spills that bore no specific 

location other than the state were allowed for.  One-third of the 

inland spills located by state and occurring from August 1974 to 

December 1977, were assigned to the nearest region.  This gave 6.0 

additional spills to the N'orth Texas Coast, 1.3 to the Louisiana 

Coast, 1.0 to Delaware Bay, and 0.3 to New York.  Since none of 

these spills involved vessels or marine facilities, no assign- 

ments were made for vessel-related spills.  The percent unreported 

was calculated as 

X-Y/: fX - Y 
x-Y/: 100 

where X is the total of PIRS spills, Y is the total of XRC spills, 

and Z   is the number reported by both. 

In the next calculation (Table 5-9) the reporting factor 

was applied to total reported spills, including vn 'ills , to 

obtain the total estimated spills in all regions and subregions in 

1974-1977.  One third of the FIRS spills recorded by state only 

were assigned, as before, to the corresponding regions in order to 

obtain the estimate of total reported spills.  This estimate was 

then multiplied by 100/percent reported to obtain the total 

spill estimate.  The spill rate? obtained from the estimated total 

spills (Table 5*10), houever, still show that the Hudson River 
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i.- c L - o S.  ESTIMATED PERCENT UNREPORTED SPILLS, AUGUST 1974 - 
.^ri\ :^ 

PIRS 

F IRS^1 ) 
State 
CnlvU ) NRC 3oth 

unreocrted 
.- ercer.t l- - 

ALL SPILLS 

Port of NY 25 0.3 14 7 55% 

LI Sound 3 0.0 2 1 55 

Hudson River 13 0.0 4 4 0 

Delvare Bay 13 1.0 6 3 59 

42 1.3 32 IS 26 

>.". Texas Coast 20 6.0 15 10 1    A -  ** 

VESSEL-RELATED ^D"iTTS 

Port of N'Y 9 0.0 5 5 27 

LI Sound 1 0.0 1 1 0 

Hudson River 11 0.0. 4 4 0 

Delaware Bay 6 CO 5 5 0 

Louisiana Coast IS 16 1 0 17 

X. Texas Coast 10 0.0 S 7 4 

^ 'PIRS spills with soecific location in the region fror. Appendix 
A. 

f 21 ^"-PIRS spills without specific location, allocated 1/5 to adjacent 
region. 

•J'Estimated unreported spills as percent of total of reported 
and unreported. 
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i A ä i. £    3    , oi.nL hiil.'i-nki.1 5rILL5, ALL ^foib^s,    19/4*, 

FIRS 

X 
and VCF 

onlv 
PIRS, 

^uCwC  v .. JL > 

Total 
Reocrted 

Total 
Est ir.atei 

ALL SPILLS 

Port of NY 36 2 0.3 38.5 58.9 

LI Sound 6 0 0.0 6.0 9.0 

Hudson River 19 0 0.0 19.0 19.0 

Delaware Bay 21 1 1.0 25.0 37.7 

Louisiana Coast 65 5 1.5 69.5 93.6 

X. Texas Coast 32 2 9.0 45.0 50. C 

VESSEL-RELATED SPILLS 

Port of NY 12 2 0.0 14.0 19.2 

LI Sound 3 0 0.0 3. 0 3.0 

Hudson River 14 0 0.0 14.0 14.0 

Delaware Bay S 1 0.0 9.0 9.0 

Louisiana Coast 27 5 0.0 3 2.0 38.6 

N. Texas Coast 14 2 0.0 16.0 16." 

U See Tables 3-5, 5 _ i .} - 0 , c n d 5-6 
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SPILLS PER MILLIC: 

Port o£ XV 
LI Sound 
Hudson River 
Delaware Bay 
Louisiana Coast 
X. Texas Coast 

TAVC 

Estimated Spill 
Spills Exposure Rate 

58.9 551." 0.10" 
9.0 ' 105.7 0.085 

19.0 71.9 0.264 
37.1 413.4 0.090 
93. 6 1012.0 0.092 
50.0 "36.6 0.068 

.67. 6 2S91 093 

VESSEL-RELATED SPILLS PER MILLIOX TCXS 

Port of XV 19.2 351." 0. 035 
LI Sound 5.0 105.7 0.028 
Hudson River 14.0 71.9 0.195 
Delaware Bay 9.0 413.4 0.022 
Louisiana Coast 38.6 1012.0 0.038 
X. Texas Coast 16." "36.6 0.023 

10C 891. 0.055 

VESSEL-RELATED SPILLS PER 10J TANKER AXD 3ARGE TRIPS 

Port of NY 
LI Sound 
Hudson River 
Delaware Bay 
Louisiana Coast 
N. Texas Coast 

19.2 591.0 0. 032 
3.0 42.4 0.066 

14.0 3S.4 0. 363 
9.0 7 3.0 0.120 

5S.6 7 4 9.1 0.032 
16.7 462.4 0.036 

r 1C0 1962.1 0.051 
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has much higher 

it a-rears that 

•ate: 

spill rates than the other regions.  Moreover, 

:he North Texas Coast shows noticeably lover spill 

The significance o: lie soill rates of Table 5-10 is cal 

: Table 5-11.  The following results emerge: 

The Hudson River has a significantly higher spill rate 

than other regions or sub-regions, even when unrecorded 

spills are allowed for.  The significance levels for all 

three spill rates are above 99.91. 

The North Texas Coast shows a probability of .01 for the 

estimated spills in th. This estimate [30 

spills), however, includes a somewhat arbitrary assign- 

ment of one third of the PIRS spills located only by 

state. 

c.  Delaware Bay shows significantly more vessel-related 

spills than other regions, based on tanker and barge 

trips.  But for the reasons outlined in 5.5.1, the 

Delaware Bay trip data for barges and tankers probably 

explain  this phenomenon. 

Of the three anomalies above, only that of the Hudson River 

indicates without doubt an aberration in spills per million tons 

of oil movement or per thousand tanker and barge trips. Accord- 

ingly, the causes of these high spill rates will be analyzed next. 

Since neither under-reporting of exposure nor over-reporting 

of spills is a likely explanation of the high spill rate for 

the Hudson River, one is led to analyze the spills themselves. 

The breakdown of Hudson River spills over 10,000 gallons from 

1974 to 1977, as extracted from appendix A, is shown in Table 

5-12. 

It appears that groundings and marine facilities account for 

an inordinate percentage of spills in the Hudson River.  Accord- 

ingly, a comparison of rates for groundings, collisions (including 

 i. 
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. :L- UO L .\ Ki \ cK ;PILLS, fll 

1 -v im  j TO" 5 19" 6 19~~ Iota 

Groundings 1 U 1 6 

Collisions* 0 1 0 0 1 

V.'eather 0 0 0 1 1 

Marine facili 11 es 2 1 1 2 6 

Onshore facil it i e s 
"* 1 0 0 3 

Mi see 11 a n e ous o 1 Q 1 - 

(1) See Appendix A for list of spills 

^Includes rammings 

rankings) and marine facility spills ',:a; made between all regions 

and the Hudson River.  The results are summarized in Table 5-13, 

given as absolute number of spills in 74-77/spills per million tons 

in "4-77. 

5 ii J 

The six groundings shown in Tabie 5-13 for the Hudson River 

uicn are significantlv higher than can be expected en the 
f rt- u uo grounaings/ .„.ii ions shown in that table for oasis   O.    t:.s    •UUB   JJJ wuJiuxjijj 

ail regions together.  The probability foi six groundings in the 

Hudson River, given the average rate for all regions, is well under 

1 in 10 u.  Similarly, the probability of six marine facility 

spills in the Hudson River subregion is also under 1 in 10  , 

given the average rate for all regions.  These significance levels 

leave little doubt that there was a significantly higher rate of 

groundings and marine facility spills in the Hudson River subregion 

than in the other regions. 
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TABLE 5-: 
FACILITY 

»ARISOX OF GROUNDINGS, CO! 
-S IN KUD5( I\ Z: u * n *- i 

.LI SIGNS AND 

. REGIONS(1) 

Ground ir. 5 s Coins ic; 
Marine 
iril i- - • 

Hudson River 

New York, exclusive 
of Hudson River 

Delaware Bay 

Louisiana Coast 

X. Texas Coast 

Total 

6/.083 

7/.Oil 

1/.002 

4/.0 04 

0/.004 

18/.006 

1/.014 

3/.006 

3/ 

18/.017 

" / . 0 0 9 

3:/.on 

6/.08 3 

2/.003 

2/.003 

2/.0C 

12/ i   n ft 1 

CD The first number given is the number of spills, as extracted 
from Appendix A, and the second number gives the spills, per 
million tons of oil movement, 1974-77. 

Groundings 

The Commercial Vessel Casualty File was reviewed for ground- 

ings and other vessel casualties occurring in the Hudson River 

from 1974 through 19~T, in order to determine the principal factors 

in these incidents.  A synopsis of the eight casualties, taken 

from the Third District Marine Safety Office reports fellows: 

a.  Barge HYGRADE NO. 22, grounding at the Maue Oil Terminal, 

Cssining, January 11, 1974.  "The proximate cause of the casualty 

was that heavy ice conditions delayed the barge's arrival at 

the terminal and subsequent discharging, so that at 0130, the 

barge's draught exceeded the depth of the water at the terminal 

due to the falling tide, thus resulting in the barge sitting 

on the bottom and puncturing one o: he cargo tanks. 

Barge HYGRADE NO. [rounding off Magdelan Island, en July 1 

1974.  The oroximate cause of the casualty . a i     a.i\ 

judgment on the part cf the mate on w; • v 
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neavilv the use or radar a: o: navisa• >n m 

«•»- -^ä im t e< 

channel and grounding 

nam ui «rep  K  vl      1   ~ 

13, 19~4.  "'The proximate cause of the casualty was negligenc 

on the part of the mate on watch in that he failed to allow 

sufficient distance between his tow and Diamond Reef Lighted 

Buoy LLK 1889." 

Barge NEK LONDON, grounding near Con Heck Island, en February 

5, 1974.  "At approximately 0130, as the operator was unable 

:o ascertain his position using radar, and searchlight due 

the icing over the shoreline, icing ever or navigational aids, 

and snow storm conditions, the tew went inside cf the loca- 

tion of Buoy =21 (LLNR 1870] and touched hotter.." 

Tanker COLORADO, striking of unknown underwater object near 

Athens, March 29, 1975. Hole in Number 2 Port Tank noticed 

after reaching Mobile, AL. 

Barge DELAWARE, struck Tappan Zee Bridge, en December 31, I9~5 

The tug barge struck the west pier of the west pass at about 

0"05 while under tow.  Visibility was reduced to less than one- 

quarter mile by fog. 

Barge ETHYL H. grounded and sunk about 500 vards south cf 

Con Hook, on February 4, 19' "The rroxir.ate cause of 

casualty was a failure on the part cf the operator of the 

MV MCALLISTER BROS, to accurately ascertain his position in 

the river with respect to the charted rock."  Because the 

radar had been showing a great deal cf ice return and the 

visibility was good, the operator was not using the radar. 

Barge B.F.T. NO. 50, ice damage near Stuyvesant on January 11 

1977.  "The proximate cause of the casualty was extreme cold 

and ice conditions in the Hudson River which resulted in the 

cracking cf the hull of the T/B B.F.T. NO. 50.  Ice in the 

Hudson River in this area ranged from 1.5 to 2.5 ft." 
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Th( manor f •*-r\^c  f n 9 * ir^SaT from these ireidents a ^ 

[1)  They predominant ly involve barges rather than tankers. 

The proportion of barge incidents (7 out of £} is not surprising, 

since about 80% of tank vessel trips in the Hudson are 

(See Appendix D). 

:artes . 

(2)  leather was a factor in six of the eight incidents.  It 

may be described as the major factor in two of the incidents 

(1., 6.) and appears to have been the only factor in two others 

(4. and S.).  The other major factor vas piloting error.  A 

breakdown (somev;hat subjective) follows: 

Inciden: 

1 

2 

3 

4 

5 

6 

7 

8 

Weather 

/ 

/ 

/ 

/ 

Piloting 

/ 

/ 

Other 

: 

Marine Facility 

Spills 

The six marine facility spills in the Hudson River subregion 

could not be investigated in any detail.  None of these spills 

involved casualties, and hence had no casualty report; only cne 

was recorded in the NRC files.  The only information obtained for 

the remaining five was that of the PIRS files.  The PIRS data 

contain no narrative report.  The PIRS spill source and cause/ 

factor codes, however, were as follows; 
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1 

S o u r c e 

«»rsri r>*^ 

101 

101 

101 

101 

Tank overflow/Improper valve crerat 

Natural or chronic phenomenon/Leaching 

from saturated ground 

Valve Failure/PB-overpressurina- 

tion 

Tank rupture or leak/PE-over- 

pressurization. 

Improper equipment handling or operation/ 

Improper valve operation 

Tank overflow/Improper valve operation. 

The 101 source code indicates onshore bulk cargo transfer at 

a marine facility.  Four of the six incidents occurred in port or 

harbor areas; one occurred in a river or channel or other re- 

stricted navigable waterway; and one occurred on a beach or shore 

•adjoining a navigable waterway or tributary to navigable water. 

The S-digit source identifiers associated with the above 

incidents indicate that only three of the spills (1, 4 and 6) 

occurred during a transfer operation.  It is not recorded whether 

a vessel was involved in the transfers.  It may be conjectured 

that such was the case in spills 1 and 6, but probably not in 4. 

Unlike the vessel incidents, it is difficult to select a pre- 

dominant cause or pattern to the marine facility incidents.  If 

any single cause is prevalent it is that of improper valve opera- 

tion, which was cited as a factor in three of the six cases, and 

in both (possibly) vessel-related cases. 
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6. ÜMMARY CF RESULTS 

results cf this i: »likd icn have been developed fror. 

data base of about 200 spills over 10,000 gallons in the period 

January 1974 through December 1?"", (Appendix A).  The data were 

extracted from the Pollution Incident Reporting System (PIRS), the 

National Response Center (NRC) files, and the Commercial Vessel 

Casualty File (YCF).  In putting together this data base and in 

analyzing it, the following major results emerged: 

a. Some spills are recorded in PIRS but not NRC, and vice- 

versa.  From this, and certain assumptions on sampling, 

(Section 5) it is estimated that at least 13% and 

probably about 233 of all spills in 1974-77 went unrecorded 

by either PIRS er NRC.  The percentages for vessel- 

related spills are about half of these.  Pooling the 

PIRS and NRC data recording mechanisms would not increase 

the percent of spills recorded and would make it more 

difficult to estimate that percentage. 

b. All four regions studied (New York, Delaware Bay, 

Louisiana Coast, North Texas Coast) had approximately 

the same number of spills per million tons of oil move- 

ment, \\-ith the exception of the Hudson River subregion cf 

New York. 

c. All four regions exhibited similar numbers cf vessel- 

related spills per million tons of oil movement, with 

the exception of the Hudson River subregion. 

d. ',\"hen vessel-related spills per thousand tanker and barge 

trips were computed, it was found that only Delaware Bay 

and the Hudson River subregion have significantly dif- 

ferent spill rates from the other regions.  There is 

reason to believe, however, that the vessel trip data 

emoloved for Delaware Bav have substantial inaccuracies. 
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An apparently lev; spill rate for the North Texas Ccast 

region can net be attributed any statistical significance 

because of the large nur.ber £27) of spills recorded in 

FIRS only by state (Texas, in this case), many of which 

could have occurred in the North Texas Ccast region. 

The high spill rates, of all three types tested, shown by 

the Hudson River subregion cannot be easily explained by 

either under-reporting of spills in the other regions 

(in so far as that could be estimated) or by under- 

reporting of the exposure variables. 

The high spill rates in the Hudson River are largely due 

to (1) groundings of barges and (2) marine facility 

spills.  The groundings and other vessel casualties were 

traced primarily to weather conditions (ice and fog) but 

no explanation could be found for the marine facility 

spills, except (perhaps) faulty valve operation. 
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LIST OF ABBREVIATION'S 

BARG = BARGE 

3K = BULK 

BLG • BILGE 

BLO = 3L0W (IN BLOWOUT) 

CG (CRG) = CARGO 

i 
CO = COLLISN - COLLISION 

[! 1 
CDH • DISCHARGE 

t i 
CG • DMGE = DAMAGE 

DIK = : DIKE (DYKE) 

11 
B 

V 
EQP = • EQUIPMENT 

EXP = ' EXPLOSION 

FCLY = FY = FACILITY 

FD " FIXED 

FIR = ' FIRE 

w FL •» FLOATING 

FLN • FLNG « FLANGE 

• 
FLR *• FAILURE 

I FLT = FAULT 

FUNG = FUELLING 

FY - FCLY - FACILITY 
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GSK = GASKET 

KBR - HAR30R 

HLL = HULL 

HOS = HOSE 

HWY = HIGHWAY 

IMP = IMPROPER 

INT = INTENTIONAL 

LDG ARM = LOADING ARM 

LEACHING • LEACHING 

LK = LEK = LEAK 

LQ = LIQUID 

MAT = MATERIAL 

MD = MOORED 

MFD • MANIFOLD 

MIS = MISCELLANEOUS 

MTN = MAINTENANCE 

NATURL = NATURAL 
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OB = OBJECT 

OC = OCEAKOCRAPHIC 

QFL • OVERFLOW 

OFS * OFFSHORE 

ONS • ONSHORE 

OPN • OPERATION 

OVERTRN  = OVERTRN 

OVR - OVER 

PIP • PIPE 

PLNT • PLANT 

PMP = PUMP 

PPL = PPLN = PIPELINE 

PR • PRODUCTION 

PRS = PRESSURIZATION 

RES = RESEARCH 

• RPT = RUPTURE 

RWY = RAILWAY 

SAB = SABOTGE = 

SDG = SOUNDING 

SABOTAGE 

SM = SUBMERGED 
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SRCZ = SOURCE 

ST = STRG * STORAGE 

STR = STRUCTURAL 

TK = TNK = TANK 

TR - TRFR • TRANSFER 

TRMNL • TERMINAL 

VAN = VANDALISM 

VL = VSL = VESSEL 

VLV = VLVE = VALVE 

WS = WEATHER 

XSV = EXCESSIVE 
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ESTIMATION OF THE NUMBER OF OIL SPILLS KITH INFORMATION 
FROM TWO SOURCES 

If 1,000 tagged trout are released into a lake in the 

spring, then the total trout population of the lake may- 

be estimated by noting the fraction of tagged trout among 

all trout caught during the ensuing weeks.  See Figure 5-1. 

If, say, 5% of the specimens caught bear tags, then the 

population of trout may be estimated as approximately 20,000. 

This technique is subject to obvious errors, produced by such 

conditions as (1) unknown changes in the trout population, 

and (2) a non-representative sample being caught. 

A modification of .this technique may be used to estimate 

the true number of actual oil spills occurring over a period 

of tine from the number reported through the USCG Pollution 

Incident Reporting System (PIRS) and through the National 

Response Center (NRC).   Since the spills recorded by these 

two sources in 1974-77 have only a partial overlap, the true 

number cf spills must be greater than reported by either.  It 

can be estimated by applying elementary probability theory to 

some plausible assumptions, to be stated in what follows.  As 

in the case of game population estimation, the method is subject 

to obvious qualifications. 

CASE I, INDEPENDENT REPORTING 

In the first case, it will be assumed that the two 

sources report randomly and independently.  The probability 

B-l 
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Nx • PXN, 

that the first source records a spill, given that one has 

cccurred, is assumed to be a constant P..  Similarly, the 

probability that the second source records a spill, given 

that one has occurred, is assumed to be a constant, P-.  If 

a total of a  spills occur, then the number recorded by the 

first source will be N,, and that by the second will be N»: 

CB-1) 

N- = P,N; (3-2) 

and the number recorded by both will be N_: 

N- = PnPoN. CB-3) 
o    12 

This last equation depends upon the assumption of independent 

recording. 

From (1), (2) and (3), one may estimate the probabilities 

P, and P-, 

CB-4) 

CB-53 

and the total number of spills that occurred, X, as 

Pl = N3/N2 

P2 - N3/Nx 

V = V V /v C3-6) 

CASE 2, XON-INDEPENDENT REPORTING 

If the reporting sources influence one another then 

the above analysis does not apply.  Moreover, the problem 

cannot be solved with only the data N. , N- and N_ as above; 12     :> 

its solution depends on additional parameters which often are 

more difficult to obtain. 

B-3 
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Five mutually exclusive events can occur, if an oil spill 

is recorded: 

A: Source 1 records the spill, and source 2 does not 

B: Source 2 records the spill, and source 1 does not 

C:  Source 1 records the spill, and source 2 obtains 

its record from source 1 

D:  Source 2 records the spill, and source 1 obtains 

its record from source 2 

E:  Both sources record the spill independently. 

The number N, of spills recorded by source 1 is calculated 

in terms of these events as: 

N1 = N P(A+C+E+D) 

= N P(A+C+E) + N P(D) 

= v P + \T p  p CB-?) 

where P(X+Y) indicates the probability of events X or Y; 

P, and P2 are the probabilities of independent recording 

introduced before; Pi/2 ^s the probability that source 1 

obtains its record from source 2, given that source 2 has 

obtained its data independently; and X is the total number 

of spills that occur.  Similarly, the number of spills 

recorded by source 2 is: 

N, - N P, + N P9/1P,, CB-8) '2  " r2  " r2/ri 

where P2/i i-s the probability that source 2 obtains its 

record from source 1, given that source 1 has obtained its 

record independently. Finally, that number of spills that 

are contained in the records of'both sources is N'„: 

B-4 
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N, = K PCC+E+D] 3 

= N P(C) + N P(E) + N P(D) 

- N P2/1PX • N P.P. * X P1/:P2 (B.9) 

It will be noticed that equations (7), (8) and (9) reduce 

to (1), (2) and (3) when P-t/2 
an^'p?/l are 2ero*  These two 

new probabilities are difficult to determine, and inject a degree 

of uncertainty into the estimates of P, and P., and X.  Xevertheless, 

the following expressions for P, , P7 and X, having Pw7 and P2/i 

as parameters, will prove useful. 

P1 = X^/N2 » (3-10) 

P-, NL/N{ , 

where 

N » Nji/NJ/NJ , 

H   * (N'l ' P1/2NV *   (1-P1/2P2/1}> 

CB-m 

CB-12) 

N2 » (N2 - *m«x)   I   d-P1/2P2/1), 

t 

lN3  "N3  V\IVN2  r2/lRl ' 

Again, one notices that these equations reduce to the previous 

ones when P, ,.   and P2/l 
are zero-  *- one assumes, for simplicity, 

that P-i/2
=P2/i 

= ~ where t is a constant that will be termed the 

transfer probability, then it is possible to calculate, as a 

function of t the probabilities P, and P, of independent recording, 

and also the probability P. that a spiii will be recorded by either 

collection agency, i.e., 

?3 = Pl + P2 ' P1P2- 
(B-13) 
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The   results of these calculations are shown in Table B-l. 

The results are there tabulated as a function of T, of the 

ratio N, /X-,, and of the ratio X, 

A = N./IN^-N.), 

which is the fraction of reported spills that appear in the 

records of both sources.  The quantity of ultimate interest, 

however, is P_, the fraction of-all spills that are recorded 

in either source.  This fraction is plotted in Figure 3-2 as 

a function of the transfer probability T( = P, ,„ = ?.,,. )i with the r        '  v  1/ 2  2/1 

overlap fraction A as a parameter.  The revealing aspect of 

these curves is that the recording probability decreases as 

the transfer probability increases, for a given fractional 

overlap.  Moreover, the transfer probability can never exceed 

the overlap fraction.  These limits on the transfer probability 

are seen in Figure B-2 as the points on the horizontal axis at 

which the recording probability goes to zero. 

QUALIFICATIONS 

The qualifications on trout population estimation apply 

to oil spills as well. 

First, there is the assumption that one is dealing with 

a stable spill process.  This is not a serious qualification 

if the .estimates are taken to apply only to the time interval 

during which the reporting and spill processes actually occurred 

Extrapolating to years following, or prior to, those for which 

the data are available can lead to obvious inaccuracies. 

3-6 
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TABLE E-l.  INDEPENDENT AND COMBINED RECORDING PROBABILITIES 

P, P- 

N./N,  -1.0 

.0 .0 .000 .000 .000 

.1 .0 .182 .182 .331 
.1 .000 .000 .000 

.3 .0 .462 .462 .710 
.1 .308 . 30S .521 
.2 .154 . 154 .284 
.3 .000 .000 .000 

. 5 .0 .667 .667 .889 
.1 .553 . 553 .782 
.2 .400 .400 .640 
.3 .267 .267 .462 
.4 .133 .133 .249 
.3. .000 .000 .000 

.7 .0 .824 .824 .969 
.1 .706 .706 .915 
.2 .588 .5S8 .850 
.3 .471 .471 .720 
.4 .353 .353 .581 
.5 .235 .235 .415 
.6 .118 .118 .221 
.7 .000 .000 .000 

.9 .0 .947 .947 .997 
.1 .842 .S42 .975 
i 

•    mm .737 .737 .951 
.5 .632 .632 .S64 
.4 .526 .526 .7-6 
.5 .421 .421 .665 
.6 .316 .316 .532 
.7 .211 .211 .377 
.8 .105 .105 .199 
.9 .000 .000 .000 

NJ/NJ =1.4 

.0 .0 .000 .000 .000 

.1 .0 .218 .156 . 341 
.1 .000 .000 .000 

3-7 
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TA3LE   B-l lONTINUED cm 

X T pi P2 

».3 .0 .554 .396 . " 3 0 
.1 .386 .256 . 543 
.2 .205 .123 .303 
.3 .000 .000 .coo 

. 3 .0 .800 .571 .914 
.1 .670 .443 .816 
.2 . 533 .320 .683 
. 3 .386 .204 .311 
.4 .218 .096 .293 
. 5 .000 .000 .000 

.7 .0 .988 .706 .997 
.1 .886 .586 .953 
.2 .784 .471 .886 
.3 .682 .359 .796 
.4 .578 .254 .685 
.5 .471 .157 .554 
.6 . 553 .071 .399 
. / .000 .00 0 .00: 

M1/N2 = - 1.8 

.0 .0 .000 .000 .000 

.1 .0 .253 .141 .360 
.1 .000 .000 .000 

.3 .0 .646 .359 .773 
.1 .473 .228 .593 
.2 . 269 .108 .348 
. 3 .000 .000 .000 

.5 .0 .933 . 519 .96S 
.1 .820 .395 .891 
.2 .700 .280 .784 
.3 .568 .174 .643 
.4 .400 .080 .448 
. 5 .000 .000 .000 

B-8 
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TABLE E-l.  (CONCLUDED) 

LEGEND: Given that a spill has occurred, 

?, • probability spill is recorded independently by source 1, 

P., = probability spill is recorded independently by source 2, 

P- • probability spill is recorded by either source, 

T  = probability one source obtains spill record from 
the other source, 

and 

fraction of all recorded spills that appear in bet; 
sources. 

B-9 
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»econd is the r .rsmen- - . . — *- ;arr.pling process, cr in 

this case, the recording process, be representative.  By that is 

meant that the two recording systems apply to the same population 

of spills, and that each has a fixed probability cf recording 

any spill in that population.  This is a more restrictive require- 

ment.  It is unreali2ed in practice to the extent that the spills 

(i.e., the spillers) seek out the recording system, rather than 

vice-versa.  Reporting a spill to one cf the systems, PIRS or 

KRC, is often considered adequate to insure that it will be 

resorted to the other.  Hence the nrobabilities P, and P_ of r 1      2 

independent reporting may not be descriptive, and the probability 

of two independent reports may not be P-|P7>  Further, certain 

types cf spills, such as those from industrial plants and 

tank farms may be more likely to be reported through the XRC, and 

ethers, such as those from vessel accidents may be more likely to 

be reported to or by the US Coast Guard PIRS.  These conditions 

would invalidate the assumption that the reported spills are 

representative samples of all spills, taken with probabilities 

P. and ?7 from the entire population of spills. 

MATHEMATICAL KOTE 

The formula (6) for N can be obtained by a more sophisti- 

cated method, given in Reference 18, pages 41-45.  It is 

shown there that the probability that there will be exactly X_ 

spills in common, given X, , X,, and X, is a hypergecmetric di" 

tribution, and the value of X for which that probability is a 

maximum is given by (6) . 

B-ll 
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A valuable result cf the development given in Reference 

IS is that it is not necessary to assume that both PIR5 and 

N'RC reports are made at random and independently; it is 

enough to assume that either the PIRS o_r the NRC reports 

are random, provided they are independent. 

Another result of value in Reference IS is the Normal 

approximation to the hypergeometric distribution of N'_.  It 

is seen from n. 180 of that Reference that N'_ is Xormallv 

distributed with mean N.N-/N and variance y.-,^7   (N-N,) (N-N?)/ 

.\'_.  Thus, if one assumes a value for N, he may easily cal- 

culate the mean and variance of the observed overlap N». 
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APPENDIX C 

'E. HEAVY, AND LIGHT C 

GEOGRAPHIC "REGIOXS C ? 

TV  1 0" ' .- 2 -' ~rv;r- 

-Y~~^2~Hr^1 ^ND EXTRAPOLATED PPC.N - "V.'aterbcme Commerce cf the 

United States" for 1974-1976, excluding ports and waterways with 

less than 1C,000 tons annual oil movement. 

ACOE oil movement data are available at present for the 

years 1974, 197S, 1976 and 197".  Harbors and waterways having 

total oil movements cf less than 10,000 tens/year were ignored. 

It is estimated that the the total amount cf  oil thus eliminate 

in any one region is less than 100,000 tons/year, or less than 

0.2 c
:   of any regional oil flow. 

The data were aggregated by oil type as follows (similar 

to Reference 9, p. 16): 

Oil Type 

Crude 

Heavy 

Lisht 

Commodity Classification Numbers 

1511 

2915, 2916, 291S 

2911, 2912, 2915, 2914, 2917 

The total oil movements tabulated for the four regions 

are given in the following listing bv rear and bv port or 

waterway.  In addition to the 10,000 tens/year exclusion, certai: 

small rivers, crnals and inland waterways were excluded.  The 

major such exclusions, and other assumptions mace in compiling 

the data for each region will now be discussed. 

Greater New York:  The greatest part cf the traffic is contained 

in the Port of New York Consolidated Statement.  This statement 

includes the Hudson River Channel up to 156th Street in 

Mahattan.  The remainder of the Hudson River, through Troy, NY, 

may be obtained either from the statement fcr the Hudson River, 

Deepwater in Upper Bay, NY to V.'aterford, NY or from the state- 

ment fcr the Hudson River, Deepwater in Upper Bay, NY.to V.'aterfo: 
YY :r fror, the statement for the Hudscn River, Mouth cf Sruyten 
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rv We ~ä~ erford, NY l ft' ferner is sliehtlv redun< 

op \ * A ves  a 

New 

•5 —    5 — f 

.so::aa:e; ;port,   while 

!reek.  The redundancy was chosen. 

rhe traffic through the Federal Lock at T: 

since this oil is accounted for in the Hudson 
elimated 

River iratric. 

Delaware Bay:  Almost all traffic in this region is contained 

in the Consolidated Report of the Delaware River, Trenton, NJ 

to the Sea.  This tabulation includes all non-local traffic of 

Trenton, Philadelphia,  Camden, Marcus Hook, Wilmington and the 

aries o: the Delaware. 

.ana waterway 

XlUGcu, Si 

are also included, except local.  Traffic en the : 

between the Delaware River and Chesapeake Bay was 

was traffic on Mantua Creek, XJ. 

Louisiana Coast:  The major difficulty in this region concerned 

the choice of data to represent the New Orleans and Baton Rouge 

areas.  On one hand, one may employ the data for the Mississippi 

River, Baton Rouge to New Orleans and New Orleans to the Mouth 

of the Passes.  This provides a complete statement of the River 

movements from above Baton Rouge to the Gulf of Mexico, with the 

through traffic called out separately.  On the other hand, one 

may employ the data for the Port of Baton Rouge (Mile 16S 

through Mile 253] plus that for the Port of New Orleans (Mile 

127 to Mouth of Passes).  It was decided to employ the river dat- 

because the two separate Ports taken together still leave a 

lection of the Mississippi River, from Mile 127 to Mi le 16S, 

unaccounted tor.  Examination of the data shows a significant 

amount of foreign crude oil passes through the New Orleans sec- 

tion of the Mississippi and lands in the Baton Rouge section of 

the Mississippi.  This movement appears in the River data but 

not in the separate Ports data, presumably because of the gap in 

the Ports coverage. 

Another difficulty in compiling the data in the Louisiana 

region is the method of handling oil movement en the Intra- 

;rwav and other inland waterwavs It will 
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that the spill data tor the Louisiana region includes several 

spills en the Intracoastal Waterway and one in Bayou Black. 

The inland waterways in the Louisiana region carry about 30 

million tons of oil rer year, o£ which about half is through 

movement. Although oil movement on these waterways is primarily 

barge traffic and hence not likely to result in massive spills, 

it nevertheless is a significant contributor to the spill rate 

and for that reason was included in the oil movement total for 

Louisiana. 

North Texas Coast:  Almost all oil movements in this region were 

included in this Appendix, the only exclusions being less than 

100,000 tons annually.  The movement on the Lake Charles Deepvater 

channel was assigned entirely to the Louisiana Coast region. 

Similarly, all of the movements on the Galveston-Corpus Christi 

section of the Intracoastal Waterway were included in the North 

Texas region. 

General:  Some general observations may be made on the use of 

ACOE data in calculating oil spill rates. 

First, it appears that the selection of the appropriate types 

of oil movement is not an easy task.  We have, in this Appendix, 

taken the aggregate of imports, exports, coastwise receipts and 

shipments, internal receipts and shipments, and local receipts 

and shipments.  We also have included through traffic en the 

grounds that it is about as likely to produce spills as traffic in 

the other categories. 

Second, it may be observed that consistency does net neces- 

sarily avoid biasing of the resultant spill rates.  For example, 

inclusion of inland waterway traffic has a greater impact on the 

Louisiana Coast spill rate than on the spill rate of any other 

region, because of tue large amount of waterway movement in 

Louisiana.  The same may be said of the inclusion of through traf- 

fic, which also is heavy in the Louisiana Coast region. 



ACOF C!L MOv£v'FNT DATA FOR FOUR US COASTAL AREAS 
 1.974_TH*0UGH 1977 ,    

THOUSAND« 0' F-HORT TON'S 

_._ OCF&N GOING  
FOREIGN   THROUGH 
.. A ND  
COASTAL 

    INTERNAL  
RECEIPTS  THROUGH 

AND  
SHIPMNTS 

\ 

yew LONDON 

CR' (DF 
LIGHT  . ... 
HEAVY 

IQ75  
"CRUDF 
LIGHT 
HEAVY 
1976 . __ 
CRUDE 
LIGHT.  
Hri* VY 
1977   
CRUDF 

. LIGHT.. . 
HEAVY 

THAyE_5__5J_V 
jo 74 
CR(..,r>F 
LIGHT 
HEAVY 

___CRLDC  
LIGHT 

.. HEAVY  
1Q76 

_J:RUDE  
L 16HT 

 uE^vy  
lo77 

__CRUDE  
LIGHT 
HEAVY_ 

HADBOO,     CT 

0.0 
_5C.8_. 
1424.5 

O.n 
O.C 
o.n 

o.n 
0.9 

601»fl 

0.0 
0.0. 
0.0 

0.0 
258. 5_ 

2683.2 

0.0 
_2 65_.5_ 
256n.9 

o.n 
261.0. 

1836.4 
FRiCT 

0.0 
0.0 
0.0 

0.0 
0.0. 
>.o 

O.n 
0.0. 
0.0 

0.0 
0.0 

385.6 

c'.o 
_0.4 

2 06.6" 

~0 ,Ö~ 
1.7 

228.2 

0.0 
0.0 
0.0 

"o. 6 
_o_.o_ 
0.0 

0.0 
0.0 
0.0 

0.0 
2 36.8 

.253.V 

 pjjL 
25^.2 

..13J3..6- 

0.0 
o.O 
0.0 

n.n 
ft 

o.n 
0.6 

599.2 

0.0 

o.n 
2 50.1 
JLüiui 

O.n 
0.0 

_0_»_0_ 

0.0 
.385.6. 

 0..0_ 
0.0 

206.6 

o.o 
o.o 
0.0 

_o. p_ 
0.0 
0.0 

_o._o_, 
o.o 
0.0 

263.0 
....A 8.1. 

_0-.5_ 
0.0 
Q..JL. 

_0.0_ 
1.7 

228.2 

_o.o_ 
0.0 
o.o 
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I 
CONNECTICUT   RIVER   BELOV,   HARTFORD«   CT 
1 OIL 

CRHDE              n.n             n.fi                       c.o 0.0 
LIGHT._   .   I?"*0.?.        O.fl                    .3.6. 0.0 
HEAVV           17 52.0                  o.n                              o.O o.c 

1075 _                           
CRl-'DF                    0.0                    0.0                                  0.0 n.o 
LIGHT            1116.4                    0.0                                  3.5 0.0 

HEAVY            1436.8                    0.0                                  0.0 0.0 
1Q76 

  — 
CRUDE                    0.0                    0.0                                  0.0 0.0 
LIGHT           1076.8                   0.0                                1.7 
HEAVY            1136.3                    C.O                                 0.0 

0.0 
0.0 

- -• -   

1077 
CRllOF                    0.0                    O.1"*                                 0.0 0.0 
LIGHT            infr&.C             «.n                                   0.0 
HEAVY           1^70.1                   0.0   '                      '  23.f>'~ 

0.0 
"CO 

    MCW -WAV- 

..     .. ..CRUDE  

M   kiAonw,   CT —    -  •         —-   -              -   —      -                             

42,3                   0.0                                0.0                   0.0 
LIGHT 
HE P VY 

io7' 

"CRUDE 
LIGHT 
HEAVY 

7770,?                    CO                            283.9                    0.0 
3325.1                    0.0                               27.1       ..__     0.0 

132.6                    0.0                                  0.0                    0.0 
6 9^r.6                    0.0                            291.4                   0.0 
3034.7                    0.0                            209.7                    0.0 

1076 
.CRUDE 
LIG^T 
HE' VY 

1077 
CRt'Dc 

0.0                  0,0                              0.^                  0.0 
°42c.3                    0.0                            134.1                    0.0 
2886.2    0.0   ._.    81.6 ... __ .    .0.0  _ 

no                   ~,   «                                0.0                   r,«r' 

LIGHT 
HEAVV 

= => ICGEDr 

CRUDE 
LIGHT 

72 01.3                    0.0                            115.1                    C.O 
? 8 2 *•3                   0.0                             36.8                   0.0 

07   -JAoa.O",    CT 

11.7                    0.0                                 CO                    O.C 
1376.0                    0.0                               72.8                    0.0 

HEAVY 
1075 

]363.2                    0.0                                  0.0                    0.0 

CRHDC 

 LIGHT _ 
HEAVV 

1 o7f 

0.0                    0.0                                  0.^                    0.0 
]"»4i.]                    0.0                                  3.9                    0.0 
1151.4                   o.O                             29.2                   0.0 

CRüDE 
      LIGHT. 

HEAVY 
1977 

0.0                   6,n                                CO                   0.0 
15 74.4                   o.O                                0.0                   0.0 
1312.8                   O.o                             11.3                   0.0 

CRUDE 
L *r-HT 

o.n             o#fl                      0.0             0.0 
1611."'             o • n                      0.0             r» «n 

Mr» VV 1 2 W . °                *•o                            3.1                 0.0 
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••'OS'•'£!_<    HA Dafic ,    r- 

] QTü 

C~-  '0r n    n • n.r 
L ir-HT 1 78. 0 n.n 

_-£iVv._ 5 55.1 0. 0 
TO?« 

CRUDE n.r 0.0 
LIGHT 201.5 0.0 
HEAVY 543.5__ _P?o 

]°76 
CRUDE.   o.o  o.n 
LIGHT 232.2 n.o 
HEAVY ^83.7 O.o 

1077 
CRi OF o.O 0." 
L I RHT ?^7.n n.o 
u P £ \j Y 573.1 0.0 

STAMFORD   H AR3CC   CT 
1Q7i 

CRUDF n.o CO 
LIGHT 485.5 0.0 
HEAVV 55.? 0.0 

]Q7S 
CRuDF " n . o öTn 
LI^HT 4 7?. 1 n.n 
HEAVV '5.6 n.n 

en 
n.o 
0.0 

n.n 
o.o" 
0.0 

0.0 
0.0 
o.o_ 

.co_ 
o.n 
0.0 

O.n 

0.0 
0.0 

CO 
0.0 

"o.o" 

"öTn" 
n.n 
o.n 

0.0 
0.0 

.? • °. 
0.0 

"o.o" 
0.0 

0.0 
o.o 
CO 

CO 
CO 
CO 

"co- 
co 
o.o 

] 97f 
CRllDF 0.0 0.0             ....    .           0.0     . o.o             _ 
LIGHT 456.1 0.0                                   0.0 CO 
HEAVY .    . _.    £2.3 0.0                           o.o CO 

19 77 
CRUDE 0.0 o.n                          n.o 0.0 
1   Ir-I-'T ^58.8 0.0                                  CO o.o 
H E * V v 78.9 

HARBOR« 
n.o...                     co 0.0 

M^MPSTEAD v Y 

197* 
CR'.JOF CO CO                                  0.0 0.0 

-  ...       LIGHT 6?4.o   . ...0.0                                     o.o _ c n . 
HEAVY 22?.7 0.0                                   0.0 0.0 • 

.     ..   1975  
CRUDE 0.0 o.o                        o.o 0.0 
LIGHT 714.4 0.0                                   0.0 o.o 
HEAVY 135.0 0.0                                  CO o.o 

1Q76 
CRLOE 0.0 0.0                                o.o o.r 
LIGHT      ... = 70,6 0.0                                   0.0 0.0 
HEAVY 2 P1. 7 o.o                                   O.O 0.0 

1 e>77 

CRUDE o.n o.O                                      0.0 o.o 
LIGHT ueu.i O.o                                  o.O 0.0 
HE AVY 197.6 o.o                          o.o 0.0 

^ 
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. P.OS" JEFFERSON.HAPBOR 
1C74 
CRUDE       6.5 

•_N.y - . 

0.0 
0.0 
0.0 

o.C 
0.0 
O.n 

O.O 0.0 

- 

LIGHT    3114,7 
HEAVY  . _ 6 41,0  
1975 

.. CR'jDF O.n  
LIGHT    3150.9 
HEAVY     6 50.9 

7.7 
0.0 

0,r^ 

0.0 
0.0 

O.C 
0.0 

0.0 
o.c 
0.0 

- 

I.97A 
. . CRUDE .... ... . 0.0  

LIG'-'T    3''71. 9 
HEAVY 609,5  
1977 
CRU-E       0,0 

o.o 
0.0 
0.0  

0.0 

0.0 
0.0 
CO 

0.0 

0.0     
0.0 
CO — - 

O.C 

! 

LIGHT    3448.9 
HEAVY     654.0 

PORT CHESTER HAPBOR» 
1974  .      . 
CRUDE       0.0 
LIGHT       0.^ 

CO 
0.0 

NY 

" o7o~" 
o.o 

o.o 
0.0 

0.0 ~ 
157.6 

CO 
CO 

"~o~.ö 
o.o 

HE*VY        0.0 
19 75 
fR'. !0-        0.0 
LIGHT       0.0 
H E A vv       0 ,n 

1 = 76 

O.n 

O.O 
0.0 
o.o 

o.o 

o.n 
169. 0 

4.5 

0.0 

0.0 
0.0 
0.0 

  

CRUDE       0.0 
LIGHT  0.0   
HEAVY        O.O 
1077 

0.0 
O.o 
O.o 

o.o 
176.2 

0.0 
CO 

7.9 0.0 

CRUDF       0.0 
LICHT        0,0 

0.0 
0.0 

0.0 
198.0 

0.0 
0.0 

HFAVY       o.n 
PVCTEP  RiV JJAPPQO 

1 Q74 

o.n 4.Q 0.0 

  

I      .      -C-R'iDF  
LIGHT 
HEAVY 

 0.0  
525.9 

0.0 

 0.0  
0.0 
0.0 

-0,0 
0.0 
o.o 

 o.o  
0.0 
0.0 

1975 
.CRUDE  
L IGHT 
HEAVY 

 0.0  
468.5 

0.0 

 O.O  
0.0 
0.0 

  0.0 0.0 
0.0 
CO 

0.0 
0.0 

19 76 
C8i 'OF o.« 0." o.o 0.0 
LIGHT 
HEAVY . 

3 60.n 
1 3f.R en 

o.o 
0.0 

0.0 
CO 

1Q77 
CRi'OE fl n A _ f> O.o CO 
LIGHT 
wE.'-VY 

374.9 
12.9 

0.0 
CO 

CO 
CO 

0.0 
CO 
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LO*'G    I c- LAf 

     *C5_ 
15 7 n 1 . S 

oc °3 • 2 

c r»i if 

] C74 

LIRHT 
_ HE A y y  
] 07=1 " 
_C»UDF _. _ 1 3 2.6 
LIGHT 14914.2 
HEAVY  9 3 05... 7. 
1976 

_jr5uag o___ 
L I GHT 
HEAVY 
7077 
CRUDE 
L IGHT 
wEAV^ 

17590.9 
0581.7 

n • ft. 
1 ^55.6 

n.fl 
0.0 
c.o 

°_.__ 
0.0 
0.0. 

n.o 
1. • 

0.0 
519.4 

1227.3 

0.0 
467.e 

101».6 

0.0 
312.4 

.514.0 

316.5 
529.1 

0.0 
'CO 
ft. n 

0.0 
CO 
0.0_ 

0.0 
0.0 

_o.o 

0.0 
0.0 
CO 

rQNSOLIDsTFD   R7A7FMENT   OF   THE   PORT   OF   NEW   YORK 
.1974        .   .   

CRUDE 
LIGHT 

2 0005.3 
35387.7 
35194.5 

20886.4 
35723.9 
29616.3 

"22833.5 
34200.? . ..... 
33951.3 

24256.6 
3 °2 70.0 
35633.4 

0.0 
0.0 

1146.8 
26922.8 

0.0 
0.0 

HEAVY 
1975 

LIGHT 
HEAVY 

. 1976  ._... 
CRUDE 
LIGHT 
HEAVY 

19 77 
CRUDE 
LIGHT 

0.0 

0.0 ' 
«' •   ' 
0.0 

~~co_ 

0.0 
0.0 

~ö""T 
0.0 
CO 

20176.4 

1026.6 
23955.1 
19201.2 

0
      c

e
o

 
.       .

.
.

 
0

      O
 c  C

 

  

— 

2071.7 
24066.8 
20419.0 

~2675~.1T' 
24836.0 
1923S.4 

0.0 
CO 
0.0 

Ö. 0 
CO 

_            ..__. 

HE AVY r .0 

HUDSON   RIVED»   DEEPWA' 
107A 
CRI.'If 74 . 9  
L IftHT 

.HEAVY 
1975 

14 90.9 
 267.1_..2_ 

T M uPPSR B-v. TO WATERFORD» NY 

.0 
0.0 
92.5 

  0.0 
8008.7 
5353.7 

 p._0 
6 84.8" 
197.7 
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"w-"-"~ 

0.0 

22.0 

0.0 
... - -.7.0 09.7 

4925.7 

0. 0 
3 96.0   
133.1 

CRUDE 
LIGHT 
HE* VY 

1 07t 

0.0 
_._-15 04.5 

3730.8 
- 

LIGHT 
HEiVY 
1977 

.  1329.2 
3592.4 
  0.0.  _ 

6.0 

0.^ 
__ 7834.3 .... 

4672.1 

O.o 
 475.7  

104.6 

CRUDE 
LIGHT 

1.0 
1731-4 

0.0 
0.0 

0.0 
7504.2 

0.0 
517.3 

HEAVY 3 3 08.5 0.0 4364.6 125.8 

0.0 

DELAWARE RIVER,_TRENTON NJ TO THE SEA  CONSUL i C-ATED._RLPOPT  
1 974 

_CRUDE 
LIGHT 
HEAV* 

1 07=. 
CRUDE 
LIGHT 
HEAVY, 
1976 
CRUDE 
LIGHT 
HEAVY 
1977 

. .CRljOF. 
LIGHT 
HEAVY. 

alj OC,6_ 
14146.1 
105 97.7 

47167.5 
12981.1 
_ 6_9 09..0_ 

52262.6 
11912.8 
9247.5 

=14450.7_ 
"l21 37.0 
89 4.1.0.. 

.. L2 9 2.5_ 
3541.2 
2914.4 

._.674.5. 
2505.6 
_24_3C_.^ 

323.9 
3198.1 
.2501.6 

 444 ,_0. 
3992.7' 

.2952.''. 

_9068.5 
8047.0 
.7254.8 

. 9992.8 
6874.6 

9646.7 
6117.3 
1016 3.3 

11044.3 
1698.6 
8810.2 

1086.6 
484.7. 

0.0 
5i0.7 
3 04.4 

0.0 
355.4 
142.6 

0_.0 
""274.5 
239. ° 

C-1CV'W , M09 I L 
.197.4  
CRUDF 
LIG^T 
HEAVY 
1975 .  - . . . 
CRUDE 

_ L.I GUT  
HEAVY 

19 7f  
CRUDE 
.LIGHT  
HEAVY 
1077  

BAY TO NEW ORLEANS» LA 

L . 

CR'JDF 
LIGHT 
HEAVY 

0.0 
0.0 

0.0 
O.P 

0.0 

cT.o 
0.0 
0.0 

0.0 
O.C 

61.9 

CO 
77.9 
3.1 

0.0 
_1.o_ 
0.0 

0.0 
_J39.J_ 
67.4 

0.0 
c.o 

76.7 

4. 1 
272.3 
167.7 

6.4 
.2.5.2. 0 
146.0 

3.3 
_12 5 . 7 
276.8 

C.O 
20. 1 
72.4 

C-9 

^ i23 • 7 
2917.4 

2653'. 8 
.^161^.6. 

Y4 8C2" 
3 82 0.4 

"3379.7 

3466.0 
4oll.3 
4113.0 



p W                         '            "    •'   ' •• 
f W 

GlCwWi   .MISSISSI°P!   R 

1 QlL 

CPüD"                  o.o 

IVES   7C   SABINE   RIVER    

O.n                    10731.2 

i 

8259.8 
LIGHT                    O.o 
HEAVY   ...          .0 .p  

i 07=. 
CRUDE     P«n  
LIGHT                     0.0 
HEAVY                     0.0 

0.0                              717.7 
n,_n 498, 3 

0.0                         9672.5 
0.0                         1069.5"" 
3.2                           291.3 

5610.5 
8433.2 

lb 02.7 
5972.2 
7523.5 

1976 
CRUDE                    0.0 0.0                         9448.3 7257.1 

LIGHT                    O.C 4.9                            615.9 6ö99.S 

Up AW                         0 . P 29.4 -    3 7 7„ 9 S745-. 5 
1977 

CRUDF                    0.0 
LIGHT                    0.0 

          HEAVY      .            fl.n 
RICWW»    MORGAN   CITV   - 
197^ 

0.0                        8885.5 73 09.7 
0.0                            752.7 

.6.1       _     470.7 
PORT   ALLEN   ROUTE 

3934.5 
10600.2 

CRUDE                   0.0 
LIGHT                    0.0 

0.0                            769.6 
0.0                            210.7 

267.9 
2357.6 

HEAVY                    0.0 
19 7 ? 

CRUDE                    0.0 
LIGHT               .    O.C 
HEAVY                       0.0 

1Q7f 

0.0                                  3.7 

O.O                            68 5.7 
0.0                            2^8.8 
0.0                                  0.0 

3924.3 

514.9 
2750.7 
3784.4 

CRUDE                o.o 
 LIGHT   ...  .         Q..0  

0.0                            816.2 
0.0                           227.2 

744.6 
2975.0 

1 

HEAVY                      0.0 
\i                                      1°77 
I;                          CRuDE              o.o 
•;                                     LIGHT                    0.0 

o.n                              0.0 

0.0 '                         560.9 " 
0.0                            237.4 

3889.2 

" 347.0" 
3 3 54.0 
4219.5 

1369•2 

J                                     HEAVY                    0.0 
i                               HOUVA   NAVIGATION   CAN 
%                                         1 Q74 
        CRijDF.__    0.0.  

j                                       LIGHT                    CO 
HEAVY             n»n 

0.0                                 O.C 
AL,   LA 

0.0                                 0.0 
0.0                                2.2 
0.0                                  5.6 

67.8 
0.0 

107«s 
CRllDF                   0.0 
LIGHT                     0.0 
HEAVY                     0.0 

0.0                                 0.0 1138.4 
117.8 

0.0 
0.0                                 0.0 
0.0                                 0.0 

1976 
CRUDE                    0.0 0.0                                 0.0 1222.3 
LIGHT                    0.0 
HEAVY                    CO 

0.0                                  0.0 
0.0                                0.0 

47.7 
0.0 

1977 
    CRl'OF         .. . „..0.0 

LIGHT                    0." 
HEAVV                    fl,in 

0.o__                            0.0 
O.o"                               0.0 " 
0.0                               o.o 

1228.2 
69.3 
0.0 
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1 
M e R v » Kj T 5 
1 074 

CP'.'Dr 

....   .. ._    LlGrT  _. 
HEAVY 

1 07 = 

611   RIVFR«   LA 

0,0                    O.P                          1712.8                 15.0 
0,0                    O.n                               56.6                    0.0 
0.0                    CO                                 2.8                    0.0 

CRUDE 
LIGHT 
HEAVY 

 19 76  
CRUDF 
L I GHT 

0.0                    CO                          12 54.5                    0.0 
0.0                   O.n                                1.5                   0.0 
0.0                   CO                                0.2                   CO 

n.O                    0.0                         1485.5                 13.9 
0.0                    0.0                               67.8                    0.0 

HEAVY 
1°77 

CR'UDF 
LIGHT 
HEAVY 

Ml SSI SSI 

o.n                  o.n                               O.n                  n.O 

n.O                    0.0                          1515.0                 32.4 
0.0                   0.0                                n.o                   0.0 
0.0                    0.0                                  0.7                    0.0 

PPI    RIVER»    NEW   ORLEANS   TO   MOUTH   OF   PASSES 

1 

1974 
CRUDE. 
LIGHT 

7796.9         14833.3                       12744.6            3006.9          
1007.7            7854.2"                        4411.7            2771.3 

HEAVY 
1975 

CRUDF 
 LIGHT  . 

HEAVY 
1976 

CRUDE 
     LIGHT- 

HEAVY 
1977 

1740.7           2330.6                         5258.8            3343.6 

684C3         26568.2                       13797.6           4975.0 
1886.5            8089.7                         3895.3        __?68?.6 
1418.5 3351.1                          4437.9            3256.4 

6345.7        43987.3                       12933.5            4518.9 
1140.6 7783.9                         3720.4            1663.0 

772.6           3832.0                         4819.4            3124.5 

CRUDE 
LIGHT 
HEAVY 

-"•' I 5? I SS I 
] C74 

  .CRl'DF___ 
LI VT 
HEAVY 

1975 
 CRUDE. 

LIGHT 
HEAVv 

13548.8         65424.4                       10670.4            5054.4 
944.5 8761.8                         3643.1            4572.7 
748.6 4886.3                         6463.1            5345.1 

PP1   RIVER«   BATON   POUGE   TO.MEW   ORLEANS _ .           

14833.4                    0.,"                         8110.0            1954.3 
7854.2                    0.0                         6523.4           4011.0 
2228.4                    O.n                         70e9.0            5177.2 

26568.3                    0.0                         8781.7            3044.0 
8089.8                    CO                         9066.9            3348.8 
3336.2                    8.6                         6495.7           4791.3 

1976 
_ - CRUDE 

LIGHT 
 HEAVY 

1077 
CRtRF 

4"*QR7.^                      0-0                            8263.3             3049.9 
7779.4                    CO                       11077.5           4030.0 
.3801.6                    CUT                         6279.9           4086.4 

&S.424.4                    O.n                         7193.1            1734.5 
LIGHT 
HEAVY 

P761.7                   O.n                       10412.0            3925.0 
4863.°                    O.n                         9635.8            3956.7 

L 



r ALCAS : Ei 
1974  

CR'JDE 
LIGHT 

1   R I V E c   * NO   RASS»   !_ i 

2 2 74.7                   C.C 
15 27.9                    0.0 

5563.7                    0•Ö 
902.0                    0,0 

« 

HEAVY 
1975 

CRUDE 
.LIGHT   .. 

HEAVY 
1976 

3 09.6                    O,'? 

46 30.6                    CO 
1436.8                    0,0 

24ei.P                    o.o 

1021*4                  CO 

4760.4                    0.C 
820.7                    0.0 
861.9                   n.n 

CRUDE 
LIGHT 
HEAVY 

.   .   1977 ... 
CRUDE 
LIGHT.  
HEAVY 

ATCHAFAL 
1<3 74 
CRllDF-. 
LIGHT 
HEAVY 

5 7 38.0                   n.n 
.1914.8           .    . O.o   ... 

376.7                   CO 

3068.8                    0.0 
3359.2                   n.n 

4204.2 o.n 
1170.9                    0.0 
1290.3 0.0 

4674.1                    0.0 
1929.8                    0.0 

— 

]Q5.7             n.n 
iYA   RIVER»    LA. 

. .CO                    0.0  ... 
0.0                    0,0 
o.o              n.n 

1796.1                    0.0 

224.0              959.3 
166.9              529.6 
149.7            1147.1 

1975 
CRllDF _ 
LIGHT 
HEU'Y 

1C76 
CR'iDc 

o,o         n.n  
n.n'             o,n" 
0,0                     0.0 

0 . 0                     0,0 

274.2              729.9 

— - - 

277.0 323,5 
144.1 &9A».9_ 

375.9              738.4 

LIGHT 
_ HEAVY 
]077 

-CRllDF- 
LIGHT 

0.0 
o.n 

--o.o.. 
O.o 

 P_,0__ 

0.0 
0.0 

—o.n- 
0.0 

_o. 0. 

327.0 
150.9 

-301.9 
465.6 
195.3 

893.8 
984.9 

-4 79-.0 
740.7 
947.8 

TOTALS. 
1 o7i 
CRUDE. 
LIGHT 
HEAVY 
1975 " 
CRUDE 
L I GHT 

-HEAVY. 
197ft 
CRUDE 

LOUISIANA.COAST. 

LIGHT 
...HEAVY. 
7077 
CRUDE. 
LIGHT 
HEAVY 

249 05.0 
10389.8 
4376.7 

14833.3 
78 54.2 
2333.7 

38039.7 
114 13.1 
_5.0 Q.O . 5. 

26568.2 
8089.7 

_3.3.62.Q. 

61071.0 43987.3 
56071.0 
.49 50 . 9. 

87042.0 
13065.4 
5808.2 

43987,3 
_.3?28.8 

65424,4 
8761.8 
4892.4 

3 9681.0 
15293.7' 
14197.0 

38133.3 
15631.7 
12379.3 

37530.2 
37530.2 
1519 5.2 

17490.6 
18561.5 

17268.6 
1947 0«V 
2^942.6 

2~558.7 
'19857.2 
22735.2 

2103C.3 
21040.3 
24210.3 

16165.2 
21596.2 
25C69. 1 

C-12 
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 L. IjgHT  
HEAVY 

J ° 7 5 _ 
CRUDE 

... LIGHT.... 
HEAVY 

1«76 

ECHES   w-T-^v' 6Y,    TX 

19462.1 ~Ö7Ö~ 
12567.1     C.C 

3991.1 
4497. 

3l97.< 
2646. 

4705.3 

"1T933.3 
12C08.3 
3879.6 

0.0 
0.0 
0.0 

3^34.6 

4365.2 
4762.3 
3536.5 

537~. 1 

4191.1 
27B9.3 
4000.4" 

CRUOP 
LIGHT 
HEAVV 

10 77  
CRUDE 

 L.I.CHT  
HEAVY 

.HOUSTON 
1 Q74 

CRUDE ._. 
LIGHT 

 HEAV.Y  
1975 

CRUDE  _ 
L IGHT 

.HEAVY 
l<J7fi 

 £BUD.E_ 
LIGHT 
HEAVY . _ 
1977 

..._CRUDE_ 
LIGHT 

,.., HEAVY _ 
TEXAS CI 
i 97^i 
CRuDF 

32213.1 
13]15.6 
5336.2 

0.0 
0.0 
0.0 

38648.7 
in?80.7  

5 2 43". 5 
SHJP. CANAL» 

14874.J  
158e8.4 
3308.3  

0.0 
0.0 

TX 

.16012.3 
14535.5 

.2997.6 

14239.9 
_ .2417.3 

.0 

CO 
0.0 
0.0 

p.o. 
0.1 

O.o 
_D.O 

_ 2 8191. 7 0 .0 
14437.8 0.0 
 k 9 35.2 C0_ 
Tv    CHANNEL«    TX 

2696.6 0.0 

4832.6 
3682.1 
3 9 60.9 

555972" 
3 37_2. 1 
3?3~3.5 

3V34.2 
3=63.5' 
5S92.1 

4825.0 
3 3 64.7 
5295.4 

43 6 8.6' 
»719*4 
6666.1 

2996.4 
2664.3 
5111.7 

3466.6 
3449.7" 
.5961.4 

3564.2 
7220.7 
6775.2 

3576.2 

0.0_ 
C « w 
0.0 

0.0 
0.0 
0.0 

rue 
0« c 
CO 

o.c 
0.0" 
0.0 

L I^HT 
. HEAVY 
1975 
CRnDg 

LIGHT 
HEAVY 

1976 
_CR'JDE_ 

L IGHT 
 yf Avy 

^?36.° 
_ A 25.. 4 

_i6J.-8_.5_ 
5494.8 
_ 5 74.2. 

_95 96.6_ 
4556.6 

__°.5_?.4. 

O.n 
_D_#0 

CO 
0.0 

 C.C  

1 077 

... CP.UDF-- 
LlCHT 
HE AVY 

.12887^3 
4?32.6 
13 79.3 

-CL.JCL 
0.0 

CO 
o.n 
0.0 

2664.9 
_737.6. 

3466.1 

CO 
C 0_ 

0.0 
2 3 3 2.0 

745.6 

.26 9 CO.. 
3002.6 
1 C 12 . 2 

CO 
.0 . ?_ 

_0 •___ 
0.0 
CO 

J273.2. 
4041.6 
1554.7 

0 • 0_. 
0.0 
0.0. 
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h 

RäLVESTON   CHANNELI   TX 
^7i 

CRUDE              203.4 0.0                                   6.0 0.0 
! ir.uT                 rt.n _0»0__            ^7.0  

0.0                            102.1 
0.0 

HEAVY                  o.o 0.0 
107^ 

CRUDE              2 3 3.3 o.o                               16.5 0.0 
LIGHT               cr CO                             52.4 0.0 
HEAVY                         0.0 0.0                                    74.S 0.0 

1o76 
rRHHF                  3]fl.7 n.o                              n.^ n,r\ 

LIGHT                      0.0 O.o                             74.5 0.0 
HE4VY                      2.3 0.0                           122.8 0.0 

1Q77 
CRUDE             ^93.9 CO                               15.7 0.0 
LIGHT              _70. 8 0.0                               42.6 0. 0 
HEAVY                    7.8 0.0                            173.3 CO 

FREEf*0RT„HAP90.P» .XX.. 
1 Q7U 

C.RUD5         ?r>6Cl 0.^                         1005.2 0.0 

LIGHT              5 36.? CO                            454.6 0.0 
HEAVV                      0.0 0.0                            17 0.3 0.0 

107=1 
rRiinc         ^??P.4 0 . 0. .                        6 2 2.3 CO 
LIGHT              484.3 0.0                            124.7 0.0 
HEAVY                   f)»ü 0.0                            108.8 0.0 

1-376 
CRUDE           4455.5 0.0                            477.2 0.0 
LIGHT              545.6 CO                            107.4 o.o 

.      HEAVY...            _.P.n. . 0.0_                     _.1°5.8_ o»o 
1077 

CRlJOF           9Q80.6 0.0                            313.2 0.0 

LIGHT              5 28.1 O.o                           128.4 0.0 
HEAVY                 O.O n.n                         313.° 0.0 

VATAGORDA   «HIP   CHANNEL •   TX 
\oiu 

CRUDE                   0.0 0.0                            167.9 0.0 
LICHT                     0.0 0.0                                  1.5 0.0 
"EflVY                 61.1 0.0                                 5.5 0.0 

lc75 
CRUDE                   0.0 0.0                            190.5 0.0 
LIGHT                    0.0 0.0                                 4.6 o.o 
HEAVY                   44.9 0.0                             22.1 0.0 

1 976 
CRUDE                    0.0 0.0                            178.3 o.o 
LIGHT                    0.0 0.0                               13.4 O.O 

HEAVY                 27.8 0.0                               16.9 o.o 

C-14 



CRUDE                    0.0                    0.0                            139.6 CO 
LIGHT                    0.0                    0.0                                 5.1 0.0 
HEAVY                    0.0                    0.0                               17.5 CO 

GICWW,    SABINE   = TV'-R    TO   GALVESTON,    TX _   
1974 

CRUDF                    0.0                   0.0                            611.A 8785.A 

LIGHT                    0.0                   0.0                         1909.0 5C93.4 

HEAVY                    0.0                    0.0                         1745.5 6627.6 

19 75 
CRuDE                    0.0                   0.0                         1184.8 _ 7575.9 _ 

LIRHT                    Cn                    0»0                         2672.6 463°.B 
UEAVV                    0.0                    3.2                          1688.8 5 6 05•2_ 

1976 
CR'jDF                    0.0                    0.0                         1010.5 S733.7 

LIGHT                     4.9                     0.0                           1772.7 5665.1 
HEAVY   .              . 4.:               ,25.^   .                       1741.7 _ ( loot c 

1977 
CRuOF                   O.n                   0.0                        1446.1 8 5 61.0 
LIGHT                    O.O                    0.0                         1837.1 7476.8 
HEAVY                    0.0                    0.0                         1698.5 8693.1 

RICWW.    GALVESTON   TO   CORPUS   CHRISTI,    TX 
1Q7^ 

CRt.O-                   O.n                   O.o                        2102.9 2130.4 
LIGHT                    0.0                    0.0                            271.2 2662•6 
HEAVY                    CO                    0.0                            355.8 1349. 1 

1975 
CRUDE                    0.0                    0.0                         2414.6 1B45.1 
LIGHT                   0.0                  0.0                          621.3 1385.7 

HEAVY                    0.0                   0.0                            208.6 964.8 

lc76 
CRUDE                    0."                    0.0                         1469.3 2436.0 
LIGHT                    0,0                    0.0                            154.A 12 52.2 
HEAVY                     0,0                     O.o                             2 5 4.r> 129C2 

1Q77 
CRUDE                    0.0                    0.n                         1946.7 2 723.5 
LIGHT                    0,0                    0.0                            214.0 1855.7 

HEAVY                    Cn                    0.0                            266.3 1655.2 



1 

TOTALS« NORTH   TEXAS   CCA ST 
19 74 

CRUDE 19634.8                    C.n 11603.8 10915.6 
  

L IC-HT 
H E i V v 

19721,5                  0..O 
«•»69.4                    3.0 

192]1.7 
9061.9 

7776.2 
5176.7 

— -          ••-• 

1 Q7 = 

CRUDE 4'*03',.e                    r.O 15256.6 13612.1 

LIGHT 
HEAVY 

32522.9            .      0.0 
7496.3                    3.2 

13454.2 
11496.9 

9014.e 
10770.4 
 . 

107f 
CRUDE ~6~8427.V              _oTcf 14124.5 T6Ö46VT" -   — 

LIGHT 32462.6                    0.0 12256.8 10352.0 
HEA\,Y 8647.n                 25.4 13285.7 13774.4 

]977 . 
CRl'D17 902 "2.?             o".o~ " 1628 1.9 ~15653.4 

-          — 

L IC-HT 
HEAVY 

3 0 ? 0 0 • 0                    0.0 
11365.8                   0.0~ 

16861.5 
16942.9 

14051.S 
1701A.4 

—_—_ . —  

  -  -      

I 
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APPENDIX D 

TRIPS 0? TANKERS, TANK SARGES, AND ALL VESSELS IN 1974-1977 FOR " 

FOUR GEOGRAPHIC REGIONS OF THE UNITED STATES 

EXTPACTED AND EXTRAPOLATED FROM - "Waterborne Commerce of the 

United States"fArmy Corps of Engineers! for 1974-1976, excluding \: • 

ports and waterways with less than 10,000 tons annual oil 

movement. 

The vessel trip data here tabulated were extracted from the 

ACOE volumes for the same waterways as were the tonnage data of 

Appendix C, with few exceptions.  (1) The trip data do not include 

a consolidated statement of the Port of New York, analogous to 

that found in the tonnage data.  Therefore, the trip data for the 

separate waterways that constitute the Port of New York as given 

in Table D-l were summed to arrive at an equivalent consolidated 

statement of the Port of New York.  (2) The Waterways given in 

Table D-2 were summed and are shown on the listing as Louisiana 

Inland Waterways.  The list of Table D-2 includes six waterways 

(items 5 through 8) that are not included in the tonnage movement 

data of Appendix C, but these waterways comprise a relatively 

small fraction of all vessel trips in Louisiana.  Hence the Louis- 

iana Coast vessel trip data, for all practical purposes, covers the 

same waterways as the tonnage data. 

D-l 
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TABLE D-l.  WATERWAYS IN THE NEK YORK CONSOLIDATED 
STATEMENT, ACOE DATA 

The following waterways make up the Port of New York in the ACOE 

consolidated statement: 

Eastchester Creek ,_NY_ 

Bronx River, NY 

Kestchester Creek, NY 

Manhasset Bay, NY 

Flushing Bay and Creek, NY 

Karlern River, NY 

Hudson-River, NY (Lower section) 

Hudson River Channel, NY and NJ 

East River, NY 

Newtown Creek, NY 

Buttermilk Channel, NY 

Bay Ridge and Red Hock Channels, NY 

Gowanus Creek Channel, NY 

Gowanus Canal, NY 

Gravesend Bay, NY 

Coney Island Channel, NY 

East Rockaway Inlet, NY 

Jamaica Bay, NY 

Raritan River, NJ 

Upper Bay, New York Harbor, NY and NJ 

Newark Bay, NJ 

Hackensack River, NJ 

Passaic River, NJ 

New York and New Jersey Channels, NY and NJ 

Raritan River to Arthur Kill Cutoff Channel, NJ 

New York Harbor, NY, Lower Entrance Channels 

D-2 



TABLE D-2.  LOUISIANA INLAND WATERWAYS 

1. Gulf Intracoastal Waterway, Mobile AL to New Orleans, LA 

2. Gulf Intracoastal Waterway, Mississippi River to Sabine, TX 

5. Inner Harbor Navigation Canal, New Orleans, LA 

4. Mississippi River - Gulf Outlet, LA 

5. Waterway from Empire, LA to Gulf of Mexico 

6. Barataria Bay Waterway, LA 

7. Bayou Lafourche and Lafourehe-Jump Waterway, LA 

8. Bayou Little Caillou, LA 

9. Huuia Navigation Canal, LA 

10. Gulf Intracoastal Waterway, Morgan City - Port Allen Route 

11. Mermantau River and Bayous Nezr>ique and DesCannes, LA 

D-3 
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TRIPS Or    TANKERS» BARGES AND ALL VESSELS 
_. FOR FOUR- US... COASTAL.. AREAS  

1974 THROUGH 1977 
1974      1975      1976 197" 

NEW. LONDON__H 
TANKERS 
BAPGFS _ . 
ALL TYPES 

CONNECTICUT 
TANKFRS 
HABpFc 

ALL TYPES 
NEW HAVEN HA 
TANKERS 
.BARGES -   
ALL TYPES 
ODIDOEPOPT H 

AR_POR_A_ND_ 
"63 1 
1474. . 

20184 
RIVEP 3EL0 

516 
 _l's74  

67706 
RBOR, CT .. 

1542 
. . . 2014. 

9283 
ARBOR« CT 

TANKFRS 20 9 
BAPGFS     . . 60 2 
ALL TYPES      3746 

NORWAI.K   HAPRCP,   CT 
TAN<-P<; 90 
F.AOf.cc; ?Q_1_ 

ALL   TvPES ~2?4Q~ 
STAFFORD   HARBOR»   CT 

TANKERS 30 5 
BARGES _     281 
ALL   TYPES 2284 

OYSTER   BAY^JiY 
"TANKFP'S 
BAPGFS 

ALL TYRFS 
PORT THEST^R. NY. 
TAM<FOS 

BARGES     
ALL TYPES       879 

PORT .JEFFEPSONS .NY... 
TANKFRS 
BARGES 

^64 

2233 

239 
37 

ALL TYPES 
HFMPSTEAQ H.A 
TANKERS 

 BAPGE^  
ALL TYPFC 

712 
 9.11. 

8970 
RBOR« NY 

THAMES RJVER 
508 

1251 
10792 

W HADTFORD, 
430 
1172 

CT 

66143 

1308 
2308 
8595 

505 
959 

14278 
CT 

562 
91 7_ 

666 8 3 

"1376 
2 00 7 
9010 

42 2 
713 

9179 

R05 

304.. 
9774 

223 
598. 

3825 

""80 
3^4 

2720 

296 
244 

19<?9 

~f~-iq~ 

172 
?u« 

235" 
 70 
921 

" 56l" 
_10 86. 
9064 

192 
647 

3876 

7 7 
_ 32 0_ 
Ulla 
292 
224 
1611 

248" 
184 

2187 

8715 

549 
697_ 

"5648 8 

1243 
2103 
8690 

191 
661 

3946 

69 
_ 334 
303 7' 

285 
193 

"1292 

139 
189 

168 6 

241 325 
62 

792 
43 

8 4Ö 

~5~04 384 
560 501 

8661 

435 
_48 5_ 
7111 

199 
_577_ 
4284 

74 
_595 
1563' 

T
"TJL^» LONG 
TANKERS  

[SLAMO SOUND 
5113      4415 

BARGES 
ALL TYPES 

7702 
127399 

7760 
115280 

4196 
6457 

114204 

3661 
6029 

105382 

D-4 
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DQRT OF NEW YORK, TABLE D-l. 
TANKER3 Z4JeI_      _fc3e"6_ 
BARGES        935 90     £56 66 
ALL TYPES    -93452    675907 

_5999A_ 
642 86 

616C54 

_5179 6 
754 96' 

518167 

HUDSON RIvERi DEEPWATEÄ..IN UP3ER.3Ay TO .WATERFORD, NY. 
TANKERS        2333      1904      1811      1494 

__ß ARGES Bf?4 X171__  17 3 3 7085 
ALL TYPES    110884     92953     78930     623C2 

DELAWARE RlVERi TRENTON NJ ..TO TriE 
TANKERS        5144      4531 
SAPfiP S üL4 8J 123? ?  
ALL TVES    118307    119612 

SEA, CONSOLIDATED REPOR" 
4504      4076 

14? 6J 12 537  
94 90 7 87209 

LOUISIANA I NLA 
TANKFRS 

„BARGES 
"ALL TYPES" 
MISSISSIPPI RI 
TANKERS 

...BARGES   
ALL TYPES 

_MJ JS SJ S SIPPI RI 
TANKERS 
BARGES 
ALL VESSELS 

.GALCASIED RIVE 
TANKFRS 

„BARGES  
ALL VESSELS 

ATCHAFAL*YA RI 
TANKERS 
BARGES  
ALL VESSELS 

ND WATE 
35 

75306 
337623 
VER, NE 

4275 
__38717 . 
167652 
VER, BA 

RWAYS, TABLE 
40 

 80464 
'"'"3 82947 

W ORLEANS 
4702 

  41Q69 
173744 

TON ROUGE 

TO 

0-2.  _ 
12 

7 36 2_3_ 
'407545 
MOUTH OF 

4769 
382 18  

172361 

6 
_814^8_ 
^4^954 

PASSES 
5076 

_ 39136 
175 96 1 

TO NEW ORLEANS 
2C5R 

44381 
15 2*36 3 
D i^r) c 

" 605 
S74 6__ 

308 6 9 
VFP. LA 

0 
._4367__ 
43508 

ic; 

311" 
48503 
161751 

i LA.  
584 

8290 
"34128" 

0 
_ 3405 
47358 

3425 
47049 
175120 

" '69 3 
_8506 
3 8 347" 

0 
5015. 

45391 

3896 
49312 
165435 

~~7lT 
8274 

' '4 1926 

"5 
4910 

47302 

L 

TOTALS,    LOi! 
..TANKERS  

BADGES 

ALL.TYPES 

I SI ANA    COA.CT 
 .7473  8436   8899  9695 

JTH17    1P7631    177411    18308° 
564973    7Q9928    638764    696576 

D-S 
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T 
D 

A 
MO 
„J 

P 
A 

TF 
T 
a 
a 

C-t 

A 

CO 

_T 
p 
A 

M A 

SINE-NE 
ANKERS 
ARGES 
LL VESS 

ANKFOS 
Aor,F<; 

LL VESS 
XAC CIT 
A M < » p c 
Aor-F^ 
L-L VE.SS 
LVE^TON 
A M < E R S 
APGE5 
LL VESS 
PTDQQ T 

A M < ~_ O c 

APGFS 
LL VESS 
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ELS 70 
Hjo CHAN 
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11 
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CHANNEL 

EL«    5 

EL« ..  8 
SHIP CM 

E R W A Y 
003 
639 
550 
MEL • 
169. _ 
439 
299 
Lt TX 
PIT. 
]S7 
753 _ 
, TX 
242 
745 
952 
TX 
721 _ 
562 
765 
ANNFL 

TX 

TX 
2691 

2 P 3 ? 1 
.65592. 

 2?8A_ 
1<?29° 
61545 

1276 
0792 
14780 

3321 
•30520 
71 = 93 

3149 
21232 
69940 

_ 13 2 ] 
10765 
17C54 

225 
6C5 

64 6_4_ 

_5 75_ 
?7~^0 
6767 

203 
527 

64 5_5 

_704_ 
2911 
7583 

3323 
30374 
70695 

2^450 
69569 

1508 
10205 
16497 

1S4 
4Ö0 

9460 

65 0 
2395 
7360 

TX 

i 

TANKERS  9 .  6    15- ... --16. 
BARGES         659       571 586 532 
 ALL...VESSELS.  _2L86.  .   220J 2136 2124 

GICWW, SABINE RIVER TO GALVESTON, TX 
TANKERS .    . „ .102        99 110 112 
c45f.c?         29?12      ?PO07 30O3Q 29 = 13 
ALL VESSEL?   59n_P6     556P7 62306 62246 

GICVW, GAtVESTON TO CORPüc CHRISTI i TX 
. _   TiM^.f»:                JO             12 IB 22 

Qt.or.cc.                       14^0?     I?0!'0 1 2594 11 7 3 4 
ALL VESSELS-  46142  ... .45.610   

TOTALS, NORTH .TEXAS .COAST 

52254 54114 

TANKERS        8273      7868 8841 8896 
BARGES       11^505    102305 109194 

291626 
106511 

ALL VESSELS  275733    255646 ""292065" 
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APPENDIX E 
A BRIEF DISCUSSION OF THREE TECHNIQUES 

TC ESTIMATE OIL SPILL RATES FROM HISTORIC DATA 

The fundamental assumption made in the spill rate calculation 
to follow is that spills are a Foisson process on the exposure 
variable.  This means that (Reference 14, p 14): 

(a) The probability of at least one spill occurring during 

exposure Lt  approaches the value X (it) as Lt  approaches 
0, where X>C. 

(b) The probability of two or more spills occurring during 

exposure It approaches 0 as At approaches 0. 

It might be noted from (b) that collisions of oil-carrying ves- 

sels are not a Poisson process if they result in multiple spills; 
it is necessary to count the spills resulting from a collision 

as a single spill if they are to be considered part of a Poisson 

process. 

Given the assumption c~   a Poisson process, the question 
arises:  How does one estimate the spill rate parameter \   giver. 
several years of historic spill and exposure data? Three ap- 

proaches will be discussed very briefly, in order of decreasing 
complexity. 

XI 

1)  Maximum Livelihood Estimate 

The idea behind this approach is to choose >,   so as to 

mice the probability of the actually observed spills.  By the 

Poisson assumption, the probability of n. spills in exposure t. 
i i 

is P., and the probability of the set of observations is ?: 
l 

n .  - >. t. 
P. = (Xt.) 1_e_m    

x 

l     i   _      > 
(E-l) 

This rate \  may be selected so as to maximize ? for, say, 

1 G' 1 G" 5  1976  1 - 
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which will be seen to be identical to that of the next approach 
to be discussed. 

2)  Posterior/Prior Analysis 

This approach is described in Reference 4.  The authors start 

out with the assumption that, prior to the incorporation of the 
n.,t, data, the spill rate X has a Gamma distribution 

e (i i 
1 < •) e"Xta,C^}°"1u!/CD-l)! 

with both parameters anc approaching zero 

(H-3) 

This essential!v 
distributes "-. uniformly everywhere on the positive axis, corres- 
ponding tc almost complete ignorance. 

When the observational data n.,t. are available, the new 1  x 
(posterior) distribution of X may be calculated: 

fCX/n^t.) = f(n./>.,t.) f(X)/£(ni/ti] 

= f(ni/X,t.) f (X)//f (n./:- ,t.) f(X)dX, 

The distribution f(n./X,t.) is now assumed to be Poisson, 

and the prior distribution f(X) is the Gamma assumed above.  V.'hen 

these two functions are put into the right side and simplified 
the result is 

£(x/n,,t.] 
a. i 

n. + p -x [w*t.) 
[X(w*ti)] 

x e     1 /x:(n.+p-15 

which, when evaluated ftt p » w • Oj is 

f(X/n.,t.) = (Xt.) i  e  Li/(n.-l)! 

Thus when the data n.,t. are incorporated the distribution of the 

spill rate X is again a Gamma.  This process obviously may be 

repeated with the same result as new data (n.,t.; i = 1,2,...) 

become available. 

E-2 
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At this point in the development cr.e has an estimate not 

simply of X, but of its er.tire posterior probability density dis- 

tribution.  The authors proceed to derive from it a prediction 

or distribution of the probability of observing a given number of 

spills in a given future exposure.  But if only an estimate of the 

spill rate X is required, the above distribution f (.'-. /n. t.)   is 
l l 

completely adequate.  From it any number of estimates of X may 

be derived, (e.g., the mean, the mode, the median).  The simplest, 

perhaps, is the mean A which is just the ratio of spills observed 
to exposure observed.  For the ith year this is 

". - n./t., 

while for all rears together it is X 

r-te-iK&i)- 

est 

This is the same result as obtained from the maximum likelihood 

.mate (1) above. 

5)  Least-Squares Fit 

If cumulative spills are regressed against cumulative oil 

movement the slope of the resulting line is an approximation to 

the spill rate of the underlying Poisscn process.  As the amount 

of data increases the slope approaches the spill rate X. 

In fitting a straight line to the cumulative data, the origin 

may be considered a valid data point, i.e., the cumulative spills 

and cumulative oil flew may be taken as :ero before any data are 

accumulated.  This point is valid for the same reason that the 

cumulative data for intermediate days in the year, if they were 

available, would be acceptable points. 

Because it is generally accepted and easy to apply, the slope 

cz   the linear regression to the cumulative data is commonly 

employed as an estimate of the spill rate. 

E-3 
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the 

It is instructive 

east scuare fit. 

:c coir.pare the posterior estimator with 

'he two are illustrated in Figure E-l, 

using fictitious data points for er.phasis is seei hat tha 

(a) The posterior estimate .'-. is the slope of the straight 

line joining the origin with the last (cumulative) poini 

The least square straight line, on the other hand, need 

not pass through either the origin or the last point. 

Cb) The least square fit depends upon the order in which 

the (n,,t.) data are taken, whil« is incepencent or 

the order.  This is a consequence of th< ;ex- coserva .or. 

(c) The posterior estimator assures a Poisson spill process 

relative to the exposure variable; the least square fit 

requires no assumption about the spill process. 

Cd) As the amount of data increases, the least square fit 

approaches the prior/posterior estimator. 

Because of (4), least-square fit does not differ greatly 

from the posterior estimator in practical situations in which 

there are a large number of data points.  For example, the two 

estimates were found to agree to within 1/2% for 80 data points 

representing the U. S. oil spill rate Cspills over 50,000 gallons) 

from 1974-77 .  Since the posterior estimator is simpler to calcu- 

late than the least square fit, and because it is the same as the 

maximum likelihood estimate, it is employed exclusively in the 

body of this report. 
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APPENDIX ? 

SIGNIFICANCE TESTING FOR POISSON PROCESSES 

If spills occur according tc a Pcisscr. lav.- then it is cf con- 

siderable interest to determine whether the spill rate indicated 
by one set of data is significantly different from the spill rate 

indicated by another set of data.  .Methods to do so are discussed 

in Reference 22, Chapter 9.  The follo\%ing analysis is a simpli- 
fied discussion of the relevant portions of that reference. 

Assume n, events are observed from a Poisson process with 
x r 

exposure t, , and n7 events are observed from another Poisson pro- 
cess having exposure t-,.  It is desired tc determine if the number 

observed in the second urocess is significantly diff< 
ent   rror Lumber   in   the   first  proces: Let the null 

thesis be that both processes have the same rate A.  It is then 
necessary to calculate the probability of observing n7 events 
in exposure t7 given that a total of n, + n7 events are observed 

in exposure As shown in Reference 22, this reduces to the 
cal< nation .he binomial probability that, in n. wIxoi; 

exactly n7 will fall into the exposure interval t7, when the 

Drobabilitv for each trail is 6: 

n,+n7\  n7 
°(n,/n1+r.O = [ l     £)  6 l   (1-8] 

n- 

nl> CF-1) 

wr.ere 

= t-,/ (t. ul' fF- 2 N 

In other words, if both processes have the same occurrence rate, 

the ratio (2) gives the probability that any one of the events 
falls into the exposure interval t7.  Therefore (1) gives the 

probability that exactly n- events fall into the interval t -. 

The above formulation has the ad antage that it does not 

require a hypothesis regarding the process rate '• , but only the 

hypothesis th dii.        XL  1 i   ( he same for both intervals rhus by giving 

tne exposui intervals   t. allw    L -, ,     d.i. u observations n, an J n 

F-l 
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one car. obtain the probability cf the observed number of events 

r.,.  3v taking the sum 

x-« 

? (X>n2/n1+n. y /n1+x 
V   V 

,x 
U-e)"i . 

x«n, 

one may be able to determine whether the observation n- is incon- 

sistent with the hypothesis of equal process rates. 

If n ( = n, • n.,) is greater than, say, 30 the binomial function 

fl} cannot be readily computed, being the sum of numerous small 

terms.  In that case, however, the binomial may be approximated by 

the normal distribution, (Ref.18}.  The number n7 , of events ex- 

pected in exposure t-, is normally distributed about the mean 

nc 

with variance 

n8(l - 6) , 

where n = n, + n- and 8 = p/(l + c), with c equal 

X-,t ,/>.-. t, .  If it is hypothesized that >.-, 

both processes have the same rate, then 
"1 0 

:o  the  ratio 

,   i.e.,   thai 

6   =   t2/(t1   +   t2) 

and the distribution of n-, given n. events in toto, can 

calculated without any specific assumption on 
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APPENDIX  G 

L  SPILL   RATES   IX  SELECTED KESTERN :RS 

1.  INTRODUCTION 

This appendix develops oil spill rates for the major Western 

Rivers.  It serves for comparison with the spill rates in four 

Coastal areas (New York, Delaware Bay, Louisiana Coast, X. Texas 

Coast) that were investigated in the final report to which this 

appendix is attached. 

The method followed in this appendix is similar to that em- 

ployed in the main part of the report   first, the study area is 

defined, then the data base of spills is described, followed by the 

oil movement data, and concluding with the calculation and discus- 

sion of the spill rates that result. 

2,  STUDY AREA 

The 

carr 

•v are 

D . 

C. 

d. 

rivers covered in this appendix are those Western Rivers 

y 500,000 tons or more of oil and oil products annually. 

Lower Mississippi, from mouth of Ohio River up to and net 

including 3aton Rouge LA. 

Upper Mississippi, Minneapolis MN to mouth of Ohio River, 

Illinois River, from Lockport IL to mouth. 

Ohio River System as follows 

- Ohio River, from Pittsburgh PA to mouth of river. 

- Cumberland River, mouth to mile 552. 

- Tennessee River, mouth to Knoxviile TX. 

- Allegheny River, Pittsburgh PA to above East Bradv PA. 
O       0 9 • 
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"onongahela River, Pittsburgh PA to Fairmont WY 

nawha Ri ir, mouth to mile 90.5" (head of navigation) 

3,  SPILL DATA 

The spill data were obtained from the Pollution Incident 

Reporting System (PIRS), from the National Response Center (NRC] 

files and from the Commercial Vessel Casualty File, (CVCF), all 

of the U.S. Coast Guard.  All spills of oil or oil products of 

10,000 gallons or more from January 1974 through December 1977 

contained in those records were extracted and tabulated (see 

: he rivers in th< Table A-I.), if they occurred in or near any o: 

study region.  A spill was judged to be "near" a river if it 

occurred within 2 miles of the river or in a city or town con- 

tiguous to the river.  In practice, only one of the 56 spills 

(NRC -10Q-7"7) occurred near but not in one of the rivers. 

In addition to the 56 recorded spills listed as within the 

bounds of the study, there were found to be four other; that 

would be included excep" for an uncertaintv in le amount spilled, 

and twenty others that would be included except for some uncer- 

tainty in their exact location.  These are listed in Table A-2. 

The four spills with uncertain quantity of oil spilled 

originated in the CVCF computer listing, having there a pollution 

indicator of 1 (light pollution).  For the reasons outlined in 

the accompanying memorandum., these were considered as possible 

rather than confirmed spills.  One CVCF spill was considered a 

confirmed spill, and included in the total, because it bore a 

pollution indicator of 2 (medium pollution). 

The twenty spills with uncertain location originated in the 

PIRS listings, having there only the state as an indication of 

location.  All of these spills are recorded as inland in a noii- 

r.avigable tributary to navigable water or in an inland river, 

canal, or other restricted navigable waterway.  All twenty were 

recorded in 1974 or 1975. 



'       mm^mm^mm 

An analysis of Table A-l yields a breakdown >v River Svster. 
md spill type [i.e., source code), shown in Table A-5.  The 

iource code classification employed in Table A-3 is as follow« 
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TABLE A-3.  ANALYSIS OF SPILLS OF TABLE A-I 
3Y RIVER SYSTEM AXD SOURCE 

River Systera 

E  ! 

Spill 
Source 

1974 

1975 

1976 

1977 

Lover 
MR 

upper 
MR 

Illinois   Ohio ota. 

Vessel-Related 5 7 3 8 23 

Marine Facility 0 1 0 0 1 

Onshore 1 0 1 10 12 

Year 

3 

0 

1 

0 

3 

1 

4 

2 

1 

1 

0 

6 

3 

6 

7 

13 

5 

11 
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•Related Spills: IRS source cedes 00C through CSS 

'iarir.e racii. urce codes ICC through IDS 

and 50 3 

Onshore So ills:  All ether FIRS source cedes, except 506 anc 

4C2, which are offshore drilling and production spills 

Table A-3 also breaks down spills by year and source type. 

EXPOSURE DATA 

The exposure variable employed is millions of tons of oil 

movement on the selected rivers as recorded for 1974 through 

1977 by the Army Corps of Engineers (ACOE), "U'aterborne Commerce 

of the United States."  The data are given in Table A-:, hhich 

has been extracted from Part 2 of the ACOE volumes.  The total 

movement of light, heavy and crude for the four river systems 

in 1974 through 1977 are: 

Lower Mississippi 102,008,000 tons 

Upper Mississippi 90,0 3",000 

Illinois 23,329,000 

Ohio 122• 4S<5 000 

It should be noted that these totals include through oil 

movement as well as landed and loaded oil.  Thus, oil that passes 

from, say, Baton Rouge through the Lower Mississippi and Ohio 

Rivers, to be unloaded on the Allegheny, is counted three times: 

once fcr its passage through the Lower Mississippi, once for its 

passage through the Ohio, and ence fcr its receipt en the Alle- 

gheny.  This multiple counting allows for the added exposure of 

through passage, and also allows the necessary breakdown of oil 

movement by river svstem. 
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TABL2 A- OIL MOVEMENT IX 19' OX SELECTED WESTERN' 
RIVERS, THOUSANDS C? SHORT TCXS 

1 Q7 4 1975 1976 1977 

'•' I S 5 I S S I c P I 
__£RtJÜE  
LIGHT 

HEAVY.. 

RIVER - [ 
 31 7_S_ 
] 175P 

. . .... 95 81 

JTH OF OHIO TO" £J7 NOT INCLUDIN« 
_ 43.46_ _ 477_3 _     3 6 8 8 
132 59     13814 

_ eins      307 4 

bATON ROUGE 

1 3 S 7 7 
9557 

•* I SSI SSI PP.L_R I VER -_v INN FA POL Is TO 
CRt'DF 

_LjGHT  
HEAVY 

_65T2 
4?5 0 

MISSISSIPPI RIVER.- MOUTH 
CRUDE 414 
L IGHT _. ___ ..   50 2« . 
W£AVY 4??8 

7 r T_A L , '.'cars y;3 <; j c S_J_D P I 
c"pi ir>r Q17 

LIGHT.—    ...        Il6n° 
HEAVY 84 8 8 

256 
66_3f.  
444 7" 
OF   MISSOURI 

v'OUTH 
848 

6 7_5 1 
443fc 

TO 

OF '•'ISS0UR1 
752 

1003 3 

219 860 
5268 6C24 
4 17 5 412 c 

91 VE R_-_M I NNE A.POL I S TO 
475 "    17*r»8   '"  1504 

119?? 1277 5     l5?«3 
8622 8565      8197 

431^ 
OF OHIO 
752 

5250 
3883 

MOUTH ( )HIO 

ILLINOIS 
__C RjjDF  
LIGHT 
u E A V Y 

RIVER, LOCKOOPT 

3 25 8 
3A43 

IL TO 
^2 

2824 
297" 

MOUTH 
175 

3 069* 
2578 

_ 140 
2 87 9" 
2333 

.OHIO RIVER» MOUTH TO 
CRUOE 644 
LlüHT 15780 

TSBU 
8 

157 
HEAVY 5728 
ALLEGHENY RIVFD, PITTCPU 
CRi'OF 2 
L I AH? "»2 6 
HEAVY A 69 

M0NONGAHELA R ! \^E_R »_PJ_TII 
CRi'OF 2 
LIGHT 1591 
HEAVY        111^ 

KANAWHA RIVPR» MQUTH 
CRl'HF ' "l 
LIGHT     05 4 

TO 

5? 
PGH 

4 
4 

BU°G 

7 
15 

HEAD 

RGH, PA 
67       883 
74 15928  
91      52 57" 
PA TO A50VE FAST 
no 3 
^4       230 
21 414 
H o; TO FAIPM_ONT 
"n       ao 
73      1742 
50       62 8 
_OF NAVIGATION } 
or      on 
75        1104 

406 
15350_ 
~6303 
5RADY, 

00 
213 
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SPILL RATE! 

Spills per million tons are calculated in Table A-5 for 

vessel-related spills and ether spills.  One observes a hieh 

spill rat a r p-*- 
or the Illinois River System, both for vessel-related 

spills and for non-vessel-related spills.  Also, the Ohio River 

System shows a high rate for non-vessel-related spills.  The 

significance of these rates is difficult to judge without tests, 

because of the relatively few number of spills involved.  Also, 

the existence of 24 additional spills, that may or may net be 

•SILjiäL-S  L! :ne various river systems, further to the 

uncertainty of the calculated spill rates. 

Significance Tests 

Table A-6 shows the results of significance testing on the 

f Appendix F with normal approximation were 

vessel-related spills h ev s h c Ac iignirican' 

deviation of the observed number of spills from the expected 

number, as seen by the relatively high probabilities in the last 

column. 

A different significance test was apolied to non-vessel- 

in 

11s because of the small nur.be: 

The test employed is described 

of spills (13) involved 

section a of the 

accompanying final report in connection with Table 5.6.  The re- 

sults, given in the last column of Table A-6, show that only the 

Ohio River System has significant deviation from the expected 

number of spills, having an observation probability of 

.02. 

Possible Spills 

Before the deviation shewn for the Chic River System can be 

assessed fully, it is necessary to take account, if possible, 

the 24 possibly relevant spills of Table A-2. 

•e vessel-related and 20 are net. 

k 11 c ? e i 

-i •*. 

6-13 



"••"»•••»» 

I 

SPILL RATES CF SEL 
'ERN RIVERSi 197 4-7 

Z.Ü 

VESSEL-RELATED SPILLS 

Lover Mississippi 

Upper Mississippi 

Illinois 

Ohio  

Total 

SPILLS 
1974-' 

5 

7 

3 

_8 

2 3 

MILLIONS 
TONS, 197- 

102.0 

90.1 

23.S 

122.5 

SPILLS PER 
MILLION TON 

.049 

.078 

.126 

.065 

338 06S 

NON VESSEL-RELATED SPILLS 

Lower Mississippi 

Upper Mississippi 

111inois 

Ohio  

Total 

1 102.0 .010 

1 90.1 .011 

1 25.S .042 

21 12 2.5 . OS 2 

13 538.4 .038 

G-14 
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Spills '•"-•' 

Lover MR 3 

Upper MR 7 

Illinois 5 

Ohio S 

'oral. 

Jpills >•-. 

6.9 

6.1 

1.6 

S . 3 

23. C 

1974-197 

Expected 
Variance 

4.84 

4.49 

1.50 

3.31 

SPILi 
RIVERS 

(3) Cbservec spi. 

38 

90 

XON VESSEL-RELATED SPILLS 

Lover MR     1 

Upper MR 1 

Illinois 1 

Ohio 10 

Total 13 

3.9 

3.5 

0.9 

4 . / 

15.0 

(5) 

3.9 

3.5 

n . Q 

.20 

.28 

QG 

CD 

(2] 

(5) 

(6) 

.ke: 'on 

Eased on a uniform spill rate, and oil movement for each 
river system shown in Table A-5. 

(5]  Calculated by method of Appendix F. 

(4)  Calculated by method of Appendix F, employing the normal 
approximation. 

Expected variance based on Poisson Distribution with mean 
of expected spills, column 2. 

Probability of any observation differing from the mean by an 
amount equal to cr greater than the observation of column 1. 
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For most of these 24 spills, the possible river assignment 

is unique; for the remainder there are either 2 or 3 rivers to 

which an assignment may be made.  A breakdown of possible spill 

assignments is given in Table A-7.  It can be seen that the num- 

ber of ncn -vessel-related spills that may be added tc any of the 

four river systems exceeds the number of such spills actually 

known to have occurred in the river system.  To determine whether 

the zen  spills actually known to have occurred in the Ohio system 

is still significantly high when the effect of unassigned spills 

is allowed for, one may make an assignment of non-vessel-related 

spills rorr. Table A-7 according to some assumed rules.  For 

present purposes the rules adopted are, for each river system: 

1. One half of non-vessel-related spills of type 1. in 

Table A-7 are assigned. 

2. One-fourth of non-vessel-related spills of type 2. in 

Table A-7 are assigned. 

3. One-sixth of non-vessel-related spills of type 3. in 

Table A-" are assigned. 

With the above rules, the number of observed spills is 

increased by assigned spills, as shown in Table A-S.  The result 

of the significance tests, performed as before on non-vessel- 

related spills, is also shown in that table. 

It is seen that the Ohio River System still shows signifi- 

cantly more spills than expected, but the significance level is 

93* instead of 98*.  This level of significance indicates that 

the Ohio River area probably has mere ncn-vessel-related spills 

than normal even when the likely effects of possible other spills 

in the area are allowed for.  It is apparent then, that the 24 

spills possibly assignable to the river systems should be investi 

gated individually in order to resolve with greater certainty 

the apparently high rate of non vessel-related spills in the 

Ohio River System.  If the high spill rate is confirmed then a 

further investigation is required to determine its causes. 

L 
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'ABLE A-7. POSSIBLE SPILL ASSIGNMENTS TC ONE 
OR MORE OF THE FOUR WESTERN RIVER 
SYSTEMS 

Number of Spills 
that could have 
occurred 

River SvstemU) 

LM UM IL OH Total 

In one of the 
River Svstems 

j . 

In cr.e cf two 
River Systems 

In one of three 
River Systems 

Maximum Number of 
spills that could 
have -occurred in 
the River Svstem 

15 = 12 

-Includes four vessel-related spills 
vessel-related. 

All 

(1]  Lcv/er Mississippi, Upper Mississippi, Illinois, Ohio. 
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TABLE A -S.  WORTT CASE ANALYSIS OF OHIO RIVER 
KOK«VESSEL-RELATED SPILLS 

Observed 
plus 

Assigned 
Spills 

NON VESSEL-RELATED SPILLS 

Lover Mississippi  4*^ 

Upper Mississippi  '.6 

Illinois 1-5 

Ohio llii 

22.8 

:xpected 
SDüIS 

6.8 

6.1 

1.6 

§.JL 

28. 

Expected 
Variance 

6.S 

6.1 

1.6 

f>   — 

6 . J 

Probability 
of 

Observed 
§ Assigned 

.57 

.30 

.99 

.03 
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RESULTS 

this studv are based on a total of 36 spills 

I i 
t 

over 10,000 gallons recorded in FIRS, NRC and VCF in the selected 

Western Rivers, fron 1974 through 197".  In addition some 24 

other spills are recorded that may have occurred in or near one 

of the selected rivers.  The major results are: 

a. The number of vessel-related spills per million tons of 

oil movement shows no significant deviation from one 

river system to another. 

b. Vessel-related spills per million tons of oil movement 

in the Western Rivers are about equal to total spills 

per million ton of oil movement in the four coastal 

regions investigated in the final report. 

c. Non vessel-related spills per million tons of oil moved 

have no significant deviations among the selected 

Western Rivers, except for the Ohio River System. 

d. The non vessel-related spill rate in the Ohio River syste: 

appears to be about twice the rate in other parts of 

the Western Rivers.  The significance level is 9Srö, but 

this significance level can be strongly affected by 

the 24 additional spills that may fall into the Western 

(A trial assignment reduced the significance 

The exact location of these additional 

spills must be ascertained before a definite significance 

level can be estimated for the non-vessel-related spills 

in the Ohio River Svstem. 

Rivers 

level to 95?i) 
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spills possibly assignable to the river systems should be investi- 

gated individuall)' in order to resolve with greater certainty 

the apparently high rate of non vessel-related spills in the 

C'hio River System.  If the high spill rate is confirmed then a 

further investigation is required to determine its causes. 
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